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ARTICLES FORMED FROM PROPYLENE DIENE COPOLYMERS

FIELD

The present invention relates to propylene copolymers. More par-

5 ticularly the invention relates to copolymers formed from the copolymerization of

propylene and diene monomers.

BACKGROUND

Polypropylene is an inexpensive thermoplastic polymer employed

in a wide variety of applications, the articles of which include, for example, films,

10 fibers, such as spunbonded and melt blown fibers, fabrics, such as nonwoven fab-

rics, and molded articles. The selection of polypropylene for any one particular

application depends, in part, on the physical and mechanical properties of the

polypropylene polymer candidate as well as the article fabrication mode or manu-

facturing process. Examples of physical properties include density, molecular

15 weight, molecular weight distribution, melting temperature and crystallization

temperature. Examples of mechanical properties include heat distortion tem-

perature (HDT) and Flexural Modulus. Examples of factors relevant to the proc-

essing environment include the melt flow rate (MFR), cycle time, bubble stability,

sag resistance, melt strength and shear/elongational viscosity.

20 In some instances articles formed from polypropylene, for exam-

ple, via an injection molding process, may require a high degree of structural ri-

gidity. This structural rigidity may be directly correlated with the value of

"

modulus (e.g. flexural modulus), such that to achieve high structural rigidity in a

molded article, polymers exhibiting high modulus values are desirable. Addition-

25 ally, for such articles to be economically manufactured, the fabrication mode must

be capable of producing the article at a selected rate, also referred to as "cycle

time". The cycle time for injection molding may generally be described as the

duration from the introduction of molten polymer into the mold to the release of

the molded article from the mold. The cycle time is a function of the viscosity of

30 the molten polymer. Cycle time also relates to the crystallization temperature of

the polymer. Generally, the crystallization temperature is the pivotal temperature



WO 01/42323

-2-

PCT/US00/33612

at which the molten liquid polymer hardens. This hardening is due, in part, to the

formation of crystalline structures within the polymer. It follows that as the mol-

ten polymer cools in the mold, molten polymers having higher crystallization

temperatures will form crystalline structures sooner than polymers having lower

5 crystallization temperatures. As such, shorter cycle times may be achieved by

using polymers with higher crystallization temperatures. It will be understood

from this that many variables may be relevant and require consideration before

selecting a polymer for a particular application.

As the criteria for polymer applications and articles formed there-

10 from continue to evolve, there remains a need to continually modify and improve

the physical, mechanical and rheological properties of polymers, and in particular

polypropylene polymers, to meet these evolving criteria.

SUMMARY
The present invention involves the reaction, and particularly a co-

15 polymerization reaction, of olefin monomers, wherein one such olefin monomer is

desirably propylene, with an a,co-diene and the olefin / a,co-diene copolymers re-

sulting form that reaction. Additionally, the present invention involves a co-

polymerization reaction of olefin monomers, wherein the reaction includes pro-

pylene and ethylene copolymerization with an a,co-diene and the copolymers that

20 are made. These copolymers may be employed in a variety of articles including

include, for example, films, fibers, such as spunbonded and melt blown fibers,

fabrics, such as nonwoven fabrics, and molded articles. More particularly, these

articles include, for example, cast films, oriented films, injection molded articles,

blow molded articles, foamed articles, foam laminates and thermoformed articles.

25 It should be noted that while linear a,co-dienes are preferred, other

dienes can also be employed to make polymers of this invention. These would

include branched, substituted a,co-dienes, such as 2-methyl-l,9-decadiene; cyclic

dienes, such as vinylnorbornene; or aromatic types, such as divinyl benzene.

Embodiments of the present invention include copolymers having

30 from 98 to 99.999 weight percent olefin units, and from 0.001 to 2.000 weight
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percent a,co-diene units. Copolymer embodiments may have a weight average

molecular weight from 50,000, to 2,000,000, crystallization temperatures from

1 15 °C to 135 °C and a melt flow rate (MFR) from 0.1 dg/min to 100 dg/min.

Note that the invention polymers display these high crystallization temperatures

intrinsically; there is no need for externally added nucleating agents. The co-

polymer may further include at least two crystalline populations. Some embodi-

ments have melting point ranges for one crystalline population that are distin-

guishable from the melting point range of another crystalline population. The dif-

ference in melting point range can be from 1 °C to 16 °C. This represents the dif-

ference between the melting points of the two crystalline populations. In other

embodiments, one of the crystalline populations has a melting point from 152 °C

to 158 °C and another crystalline population has a melting point from 142 °C to

148 °C.

In other embodiments, the copolymer includes from 90 to 99 999

weight percent of propylene units, from 0.00 to 8 weight percent of olefin units

other than propylene units and from 0.001 to 2.000 weight percent a,co-diene

units. Copolymer embodiments may have weight average molecular weights from

50,000 to 2,000,000, crystallization temperatures (without the addition of external

nucleating agents) from 115 °C to 135 °C and MFRs from 0.1 dg/min to 100

dg/min. The olefin may be any of C 2-C20 a-olefins, diolefins (with one internal

olefin) and their mixtures thereof More specifically, olefins include ethylene,

butene-1, pentene-1, hexene-1, heptene-1, 4-methyl-l-pentene, 3-methyl-l-

pentene, 4-methyl-l-hexene, 5-methyl-l-hexene, 1-octene, 1-decene, 1-undecene,

and 1-dodecene. The copolymer may further include at least two crystalline

populations. These embodiments have melting point ranges for one of the crys-

talline populations that are distinguishable from the melting point range of an-

other crystalline population by a temperature range of from 1 °C to 16 °C. More

desirably, one of the crystalline populations has a melting point in the range from

152 °C to 158 °C and another crystalline population has a melting point in the

range from 142 °C to 148 °C.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph illustrating the melting and crystallization

curves of copolymers formed in Examples 5, 6, and 8 and a comparative polymer

formed in Example 12.

Figure 2 is a radar plot of the injection molded part properties pro-

file for neat Example 9 and Example 9 with different commercially used nucleat-

ing agents for polypropylene

Figure 3A is a micrograph of a partial cross-section of a molded

specimen formed from the copolymer of Example 1. Figure 3B is a micrograph

of a partial cross-section of a molded specimen formed from the comparative

polymer of Example 11.

Figure 4 is a graph plotting extensional viscosity values (at differ-

ent shear rates) for the polymers formed in Examples 3, 4, 5, 7 and Comparative

Example 12.

Figure 5 plots the average birefringence values for partially ori-

ented yarns from blends of Example 3 in ACHIEVE™ 3825 and neat 3825

Figure 6 plots the break elongation and tenacity values (versus

denier count and take-up rate) for the partially oriented yarns from blends of Ex-

ample 3 in ACHIEVE™ 3825 and neat 3825.

Figure 7 plots the average top load values for blow-molded bottles

from impact copolymer PP 703 1 E7 and a 20% blend of Example 7 in PP 703

1

E7, both at the same bottle weight.

Figure 8 plots the thermoforming processing window at 371 °C (or

700 °F) oven temperature for medium-draw food containers from Example 6,

Comparative Example 15 and a50/50 blend of the two.

Figure 9 shows micrographs of the cellular morphologies of flat

foamed sheets from Examples 10, 7 and comparator resin PF-814 (commercial

product from Montell), using a chemical blowing agent.
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Figure 10 plots foam processing parameters during the production

of foamed profiles from Example 4 and comparator resin PF-814 (commercial

product from MontelJ), using carbon dioxide gas injection.

Figure 11 shows micrographs of the cellular morphologies of

5 foamed profiles from Example 4 and comparator resin PF-814 (commercial prod-

uct from Montell), using carbon dioxide gas injection.

Figure 12 plots molded part properties for TPO blend compositions

derived from Examples 3, 4, 5, 7 and Comparative Example 12. The TPO com-

positions involved blends with V1STALON™ 457 EP rubber.

10 Figure 13 plots film stiffness at elevated temperatures (75 °C and

120 °C) for cast films from Example 3 (neat and in blends with Comp Example

16), Comparative Examples 12 and 16, and commercially available comparators

PP4443 and ACHIEVE™ 3854.

Figure 14 plots film barrier properties (water vapor transmission

15 resistance and oxygen transmission resistance) for cast films from invention Ex-

ample 3 (neat and in* blends with linear Comparative Example 16), Comparative

Examples 12 and 16, and commercially available comparator resins PP4443 and

ACHIEVE ™ 3854.

Figure 1 5 plots film heat seal behavior (seal strength) versus seal-

20 ing temperature for cast films from Example 3 (neat and in blends with Compara-

tive Example 16), Comparative Example 12, and commercially available resins

PP4443 and ACHIEVE™ 3854.

DETAILED DESCRIPTION

Ranges are used throughout the description of the invention to

25 further define the invention. Unless otherwise stated, it will be understood that

these ranges include the recited end point value(s) as well as those values defined

by and/or between the recited end point value(s). Moreover, a range recitation

covers all values outside of the recited range, but functionally equivalent to values

within the range.
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In the description of the copolymer, and particularly when de-

scribing the constituents of the copolymer, in some instances, monomer terminol-

ogy may be used. For example, terms such as "olefin", "propylene", "ouco-diene",

"ethylene" and other a-olefins can be used. When such monomer terminology is

5 used to describe the copolymer constituents, it means the polymerized units of

such monomers present in the copolymer.

The copolymer includes a copolymerization reaction product, and

desirably a metallocene-based copolymerization reaction product, of one or more

olefin monomers, in which one such olefin monomer is propylene, and one or

10 more a,co-diene monomers. Desirably, the copolymer includes a copolymeriza-

tion reaction product, and desirably a metallocene-based copolymerization reac-

tion product, of two or more olefin monomers, in which the olefin monomers are

a-olefin monomers, particularly propylene and ethylene monomers, with one or

more a,co-diene monomers.

15 Generally, olefins are present in the copolymer at from 98 to

99.999 wt%. In most embodiments, the a,co-diene content of the copolymer is

greater than or equal to 0.001 wt% up to and including 2 wt%. But specific em-

bodiments can have a variety of a,a>-diene content. For example, embodiments

with minimum diene contents of 0.003 and 0.005 wt% are within the invention's

20 scope. Similarly, embodiments with maximum diene contents of 1 and 1 .5 wt%

are also within the invention's scope.

Some embodiments that have two or more different olefin units

have propylene olefin units, which may be present in the copolymer in the range

from 90.05 wt% to 99.999 wt% of the copolymer. These embodiments addition-

25 ally have other olefin units such as ethylene. These embodiments typically have

other-olefin content from 0.05 to 8 wt%. But specific embodiments have other-

olefin content minimums of 0.1 wt% and 0.5 wt%. Similarly, other specific em-

bodiments have other-olefin content maximums 6 wt% and 3 wt% of the copoly-

mer. a,oo-diene(s) typically are present at from 0.001 wt% to 2 wt% of the co-

30 polymer. But specific embodiments have a,co-diene(s) content minimums of from
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0.003 wt% and from 0.005 Wt%. Similarly, other embodiments have a,o>

diene(s) content maximums of 1 .5 wt% and 1 .0 wt% of the copolymer.

Still more desirably, the copolymer includes: propylene units in the

range from 90 wt% to 99.999 wt% of the copolymer; C2 or other a-olefin(s) units

5 in the range from 0.00 wt% to 8 wt%, desirably in the range from 0.1 to 6 wt%

and more desirably in the range from 0.5 wt% to 3 wt% of the copolymer; the

a,co-diene(s) units are present in the copolymer in the range from 0.001 wt% to 2

wt%, desirably in the range from 0.003 wt% to 1 .5 wt% and more desirably in the

range from 0.005 wt% to 1 .0 wt% of the copolymer.

10 The copolymer has a weight average molecular weight in the range

from 50,000 to 2,000,000, desirably from 70,000 to 1,000,000 and even more de-

sirably from 100,000 to 750,000. The copolymer has a molecular weight distri-

bution (MWD) in the range from 2 to 15, desirably from 2 to 10 and even more

desirably from 2 to 8.

15 The copolymer has a crystallization temperature (without exter-

nally added nucleating agents) in the range from 1 15 °C to 135 °C, and desirably

from greater than 115 °C to 130 °C, and more desirably from 118 °C to 126 °C

The copolymer may further include at least two crystalline populations. Desira-

bly, the melting point range of one of the crystalline populations is distinguishable

20 from the melting point range of another crystalline population by a temperature

range of from 1 °C to 16 °C. More desirably, one of the crystalline populations

has a melting point in the range from 152° C to 158 °C and another crystalline

population has a melting point in the range from 142 °C to 148 °C.

The copolymer may have a melt flow rate (MFR) in the range of

25 from 0.1 dg/min to 100 dg/min, desirably from 0.5 dg/min to 50 dg/min, even

more desirably from 1.0 dg/min to 35 dg/min. MFR is determined according to

ASTM D-1238, condition L (2.16 kg, 230° C). The melting point of the copoly-

mer may be less than 165 °C, and desirably less than 160 °C. Upper limits for

melting point depend on the catalyst and polymerization details but would typi-

30 cally not be higher than 165 °C. The hexane extractable level (as measured by 21
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CFR 177.1520(d)(3)(i)) of the copolymer may be less than 2.0 wt%, and desirably

less than 1.0wl%.

The copolymer desirably has a ratio of extensional viscosity at

break to linear viscosity of at least 2.5, desirably of at least 3.0 and more desirably

5 of at least 3.5 at strain rates from 0.1 second"
1

to 1 .0 second'
1

.

The copolymer may include blends, including reactor blends with

a-olefins, particularly homopolymers. A typical reactor blend with linear poly-

propylene and particularly metallocene catalyzed polypropylene is representative.

The copolymer may further be described as "branched". As used

10 herein, the term "branched" means one or more a,co-diene unit linkages, desirably

at the a,co positions of the a,a)-diene unit, between two or more polymer chains

formed by the polymerization of one or more a-olefins.

The copolymer may be blended with other polymers, particularly

with other polyolefins, both in-reactor as well as externally. Specific examples of

15 such poiyolefins include, but are not limited to ethylene-propylene rubber, ethyl-

ene-propylene diene rubber, and ethylene plastomers. Specific examples of

commercially available ethylene plastomers include EXACT™ resins, products of

ExxonMobil Chemical Company and, AFFINITY™ resins and ENGAGE™ res-

ins, products of Dow Chemical Company. Reactor blends with ethylene and / or

20 propylene-based plastomers or elastomers are also within the scope of the inven-

tion.

These copolymers may be employed in a wide variety of applica-

tions, the articles of which include, for example, films, fibers, such as spunbonded

and melt blown fibers, fabrics, such as nonwoven fabrics, and molded articles.

25 More particularly, these articles include, for example, cast films, oriented films,

injection molded articles, blow molded articles, foamed articles, foam laminates

and thermoformed articles.

Olefins

Olefins (polymerizable reactants) suitable for use include ethylene,

30 C 2-C20 a-olefins or diolefins (with one of the olefinic functionalities being inter-
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nal). Examples of a-olefins include, for example, propylene, butene-1, pentene-1,

hexene-1, heptene-1, 4-methyl-l-pentene, 4-methyl-l-hexene, 5-methyl-l-hexene,

1-octene, 1-decene, 1-undecene, 1-dodecene and the like. In addition, mixtures of

these and other a-oleflns may also be used, such as, for example, propylene and

5 ethylene as well as monomer combinations from which elastomers are formed.

Ethylene, propylene, styrene and butene-1 from which crystallizable polyolefins

may be formed are particularly desirable.

Dienes

Examples of suitable a,co-dienes include a,a>dienes that contain at

10 least 7 carbon atoms and have up to about 30 carbon atoms, more suitably are

a,co-dienes that contain from 8 to 12 carbon atoms. Representative examples of

such a,o>-dienes include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-

decadiene, 1,10-undecadiene, 1,1 1 -dodecadiene, 1,12-tridecadiene, 1,13-

tetradecadiene, and the like. Of these, 1,7-octadiene, and 1,9-decadiene are more

15 desirable; particularly desirable is 1,9-decadiene. The diene content can be esti-

mated, for example, by measuring absorbence at 722 cm -1 using infrared spectros-

copy. Branched, substituted a,© -dienes, for example 2-methyl- 1,9-decadiene, 2-

methyl- 1,7-octadiene, 3,4-dimethyl- 1,6-heptadiene, 4-ethyl- 1,7-octadiene, or 3-

ethyI-4-methyl-5-propyl-l,10-undecadiene are also envisioned.

20 Note that while a,co -dienes are preferred, other dienes can also be

employed to make polymers of this invention. These would include cyclic dienes,

such as vinylnorbornene, or aromatic types, such as divinyl benzene.

Catalyst Composition

Metallocenes: As used herein "metallocene" and "metallocene

25 component" refer generally to compounds represented by the formula CpmMRnXq

wherein Cp is a cyclopentadienyl ring which may be substituted, or derivative

thereof which may be substituted, M is a Group 4, 5, or 6 transition metal, for ex-

ample titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,

molybdenum and tungsten, R is a hydrocarbyl group or hydrocarboxy group hav-



WO 01/42323 PCT/US00/33612

- 10-

ing from one to 20 carbon atoms, X is a halogen, and m=l-3, n=0-3, q=0-3, and

the sum of m+n+q is equal to the oxidation state of the transition metal.

Methods for making and using metallocenes are very well known

in the art. For example, metallocenes are detailed in United States Patent Nos.

5 4,530,914; 4,542,199; 4,769,910; 4,808,561; 4,871,705; 4,933,403; 4,937,299;

5,017,714; 5,026,798; 5,057,475; 5,120,867; 5,278,119; 5,304,614; 5,324,800;

5,350,723; and 5,391,790 each fully incorporated herein by reference.

Methods for preparing metallocenes are fully described in the

Journal of Organometallic Chem ., volume 288 , (1985), pages 63-67, and in EP-A-

10 320762, both of which are herein fully incorporated by reference.

Metallocene catalyst components are described in detail in U.S.

Patent Nos. 5,145,819; 5,243,001; 5,239,022; 5,329,033; 5,296,434; 5,276,208;

5,672,668; 5,304,614; 5,374,752; 5,240,217; 5,510,502 and 5,643,847; and EP

549 900 and 576 970 all of which are herein fully incorporated by reference.

15 Illustrative but non-limiting examples of desirable metallocenes in-

clude:

Dimethyl silanyIbis (2-methyl-4-phenyl-l-indenyl)ZrCl2;

Dimethylsilanylbis(2-methyl-4,6-diisopropylindenyl)ZrCl2;

DimethyIsilanylbis(2-ethyl-4-phenyl-l-indenyl)ZrCl2;

20 Dimethylsilanylbis (2-ethyl-4-naphthyl-l -indenyl)ZrCl2,

Phenyl(Methyl)silanylbis(2-methyl-4-phenyl-l-indenyl)ZrCl2,

Dimethylsilanylbis(2-methyl-4-(l-naphthyl)-l-indenyI)ZrCl2,

Dimethylsilanylbis(2-methyl-4-(2-naphthyl)-l-indenyl)ZrCl2,

Dimethylsilanylbis(2-methyl-indenyl)ZrCl2,

25 Dimethylsilanylbis(2-methyl-4,5-diisopropyl-l-indenyl)ZrCl2,

Dimethylsilanylbis(2,4,6-trimethyl-l-indenyl)ZrCl2,

Phenyl(Methyl)silanylbis(2-methyl-4,6-diisopropyl-l-indenyl)ZrCl2,

l,2-Ethandiylbis(2-methyl-4,6-diisopropyl-l-indenyl)ZrCl2,

1 ,2-Butandiylbis(2-methyl-4,6-diisopropyl-l -indenyl)ZrCl2,

30 Dimethylsilanylbis(2-methyl-4-ethyl-l-indenyl)ZrCl2,
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DimethyIsilanyIbis(2-methyl-4-isopropyl-l-indenyl)ZrCl2,

Dimethylsilanylbis(2-methyl-4-t-butyl-l-indenyl)ZrCl2,

Phenyl(Methyl)silanylbis(2-methyl-4-isopropyl-l-indenyI)ZrCl2,

Dimethylsilanylbis(2-ethyl-4-methyl-l-indenyl)ZrCl2,

Dimethylsilanylbis(2,4-dimethyl-l-indenyl)ZrCl2,

Dimethylsilanylbis(2-methyl-4-ethyI-l-indenyl)ZrCl2
}

Dimethylsilanylbis(2-methyl-l-indenyl)ZrCl2,

Activators: Metallocenes are generally used in combination with

some form of activator. Alkylalumoxanes may be used as activators, most desira-

bly methylalumoxane (MAO). There are a variety of methods for preparing alu-

moxane, non-limiting examples of which are described in U.S. Patent No.

4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018,

4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,103,031 and

EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WO94/10180, each

fully incorporated herein by reference. Activators may also include those com-

prising or capable of forming non-coordinating anions along with catalytically

active metallocene cations. Compounds or complexes of fluoro aryl-substituted

boron and aluminum are particularly suitable, see, e.g., US patents 5,198,401;

5,278,119; and 5,643,847.

Support Materials: The catalyst compositions used in the process of

this invention may optionally be supported using a porous particulate material,

such as for example, clay, talc, inorganic oxides, inorganic chlorides and resinous

materials such as polyolefin or polymeric compounds.

Desirably, the support materials are porous inorganic oxide materi-

als, which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5,

13 or 14 metal oxides. Silica, alumina, silica-alumina, and mixtures thereof are

particularly desirable. Other inorganic oxides that may be employed either alone

or in combination with the silica, alumina or silica-alumina are magnesia, titania,

zirconia, and the like.
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A particularly desirable support material is particulate silicon di-

oxide. Particulate silicon dioxide materials are well known and are commercially

available from a number of commercial suppliers. Desirably the silicon dioxide

used herein is porous and has a surface area in the range of from about 10 to about

5 700 m2
/g, a total pore volume in the range of from about 0. 1 to about 4.0 cc/g and

an average particle diameter in the range of from about 10 to about 500 ^m.

More desirably, the surface area is in the range of from about 50 to about 500

m2
/g, the pore volume is in the range of from about 0.5 to about 3 .5 cc/g and the

average particle diameter is in the range of from about 15 to about 1 50 ^im. Most

10 desirably the surface area is in the range of from about 100 to about 400 m2
/g, the

pore volume is in the range of from about 0.8 to about 3.0 cc/g and the average

particle diameter is in the range of from about 20 to about 100 jim. The average

pore diameter of typical porous silicon dioxide support materials is in the range of

from about 10 to about lOOOA. Desirably, the support material has an average

15 pore diameter of from about 50 to about 500A, and most desirably from about 75

to about 350A. Desirably, supports suitable for use in this invention include talc,

clay, silica, alumina, magnesia, zirconia, iron oxides, boria, calcium oxide, zinc

oxide, barium oxide, thoria, aluminum phosphate gel, polyvinylchloride and sub-

stituted polystyrene and mixtures thereof

20 The supported catalyst composition may be used directly in po-

lymerization or the catalyst composition may be prepolymerized using methods

well known in the art. For details regarding prepolymerization, see U. S. Patent

Nos. 4,923,833; 4,921,825; and 5,643,847, and EP 279 863 and EP 354 893

(each fully incorporated herein by reference).

25 Polymerization

The copolymer, which is the copolymerization reaction product of

a,o)-diene(s) and olefin(s), may be prepared by slurry polymerization of the ole-

fins and diene under conditions in which the catalyst site remains relatively in-

soluble and/or immobile so that the polymer chains are rapidly immobilized fol-

30 lowing their formation. Such immobilization is affected, for example, by (1) us-
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ing a solid, insoluble catalyst, (2) conducting the copolymerization in a medium in

which the resulting copolymer is generally insoluble, and (3) maintaining the po-

lymerization reactants and products below the crystalline melting point of the co-

polymer.

Generally, the metallocene supported catalyst compositions de-

scribed above, and in greater detail in the Examples below, are desirable for co-

polymerizing a,co-dienes and olefins. The polymerization processes suitable for

copolymerizing a,oo-dienes and olefins, and particularly a-olefins, are well known

by those skilled in the art and include solution polymerization, slurry polymeriza-

tion, and low pressure gas phase polymerization. Metallocene supported catalysts

compositions are particularly useful in the known operating modes employing

fixed-bed, moving-bed, fluid-bed, or slurry processes conducted in single, series

or parallel reactors.

Generally, any of the above polymerization process may be used.

When propylene is the selected olefin, a common propylene polymerization proc-

ess is one that is conducted using a slurry process in which the polymerization

medium can be either a liquid monomer, like propylene, or a hydrocarbon solvent

or diluent, advantageously aliphatic paraffin such as propane, isobutane, hexane,

heptane, cyclohexane, etc. or an aromatic diluent such as toluene. In this instance,

the polymerization temperatures may be those considered low, e.g., less than 50

°C, desirably 0 °C - 30 °C, or may be in a higher range, such as up to about 150

°C, desirably from 50 °C up to about 80 °C, or at any ranges between the end

points indicated. Pressures can vary from about 100 to about 700 psia (0.69-4.8

MPa). Additional description is given in U.S. Patents 5,274,056 and 4,182,810

and WO 94/21962 which are each fully incorporated by reference.

More particularly, the polymerization method of forming a propyl-

ene/a,co-diene copolymer includes contacting a catalyst, and desirably a metallo-

cene catalyst, under suitable polymerization conditions with polymerizable reac-

tants, such as propylene monomers, and a,co-diene monomers and recovering the

propylene/a,co-diene copolymer. Desirably the metallocene catalyst may be a zir-
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conium metallocene catalyst. Additionally, the contacting step may include hy-

drogen and ethylene monomers. The hydrogen, in ppm, may be present in the

range of 1 00 to 50,000 and desirably from 500 to 20,000 and most desirably from

1,000 to 10,000 measured as gas phase concentration in equilibrium with liquid

5 propylene at polymerization temperatures. The a,co-diene monomers, in wt%

based upon the total weight of the monomers introduced into the polymerization

reactor, may be present in the range of 0.001 to 2 and desirably from 0.003 to 2

and more desirably from 0.003 to 1.5. The ethylene monomer, in wt% based

upon the total weight of the monomers introduced into the polymerization reactor,

10 may be present in the range of 0 to 8 and desirably from 1 to 7 and more desirably

from 2 to 6. The polymerizable reactants, in wt% based upon the total weight of

the monomer(s) and other chemicals introduced into the polymerization reactor,

may be present in the range of 90 to 99.999 and desirably from 93 to 99.997 and

more desirably from 95 to 99.995.

15 Pre-polymerization may also be used for further control of polymer

particle morphology in typical slurry or gas phase reaction processes in accor-

dance with conventional teachings. For example, this can be accomplished by

pre-polymerizing a C2-C 6 alpha-olefin for a limited time. For example, ethylene

may be contacted with the supported metallocene catalyst composition at a tem-

20 perature of -15 to 30 °C and ethylene pressure of up to about 250 psig (1 724 kPa)

for 75 min. to obtain a polyethylene coating on the support. The pre-polymerized

catalyst is then available for use in the polymerization processes referred to above.

In a similar manner, the activated catalyst on a support coated with a previously

polymerized polymer can be utilized in these polymerization processes.

25 Additionally it is desirable to reduce or eliminate polymerization

poisons that may be introduced via feedstreams, solvents or diluents, by removing

or neutralizing the poisons. For example, monomer feed streams or the reaction

diluent may be pre-treated, or treated in situ during the polymerization reaction,

with a suitable scavenging agent. Typically such will be an organometallic com-

30 pound employed in processes such as those using the Group- 13 organometallic
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compounds of 5,153,157 and WO-A-91/09882 and WO-A-94/03506, noted

above, and that of WO-A-93/14132.

Additives and Modifiers

These additives may be those commonly employed with plastics.

5 Examples include one or more of the following: heat stabilizers or antioxidants,

neutralizers, slip agents, antiblock agents, pigments, antifogging agents, antistatic

agents, clarifiers, nucleating agents, ultraviolet absorbers or light stabilizers, fill-

ers, hydrocarbon resins, rosins or rosin esters, waxes, additional plasticizers and

other additives in conventional amounts. Effective levels are known in the art and

10 depend on the details of the base polymers, the fabrication mode and the end ap-

plication. In addition, hydrogenated and/or petroleum hydrocarbon resins and

other plasticizers may be used as modifiers.

The polypropylene copolymers described herein are suitable for

applications such as molded articles, including injection and blow molded bottles

15 and molded items used in automotive articles, such as automotive interior and

exterior trims. Examples of other methods and applications for making polypro-

pylene polymers and for which polypropylene polymers may be useful are de-

scribed in the Encyclopedia of Chemical Technology, by Kirk-Othmer, Fourth

Edition, vol. 17, at pages 748-819, which are incorporated by reference herein. In

20 those instances where the application is for molded articles, the molded articles

may include a variety of molded parts, particularly molded parts related to and

used in the automotive industry, such as for example bumpers, side panels, floor

mats, dashboards and instrument panels. Foamed articles are another application

and examples where foamed plastics, such as foamed polypropylene, are useful

25 may be found in Encyclopedia of Chemical Technology, by Kirk-Othmer, Fourth

Edition, vol. 11, at pages 730-783, which are incorporated by reference herein.

Foamed articles are particularly useful for construction and automotive applica-

tions. Examples of construction applications include heat and sound insulation,

industrial and home appliances, and packaging. Examples of automotive applica-
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tions include interior and exterior automotive parts, such as bumper guards, dash

boards and interior liners.
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The embodiments shown below are all within the scope of this in-

vention. The first row exemplifies an embodiment that has 90 wt% monomer, no

comonomer and 0.001 wt% a,co-diene.

Monomer Comonomer a,co-diene Monomer Comonomer a
5
co-diene

wt% wt% wt% wt% wt% wt%
90 0 0.001 99.999 0 0.003

90 0 0.003 99.999 0 0.005

90 0 0.005 99.999 o 0.2

90 o 0.2 99.999 o ]

90 0 1 99.999 0 1.5

90 o 1.5 99.999 0.1 0.001

90 0.1 0.001 99.999 0.1 0.003

90 0.1 0.003 99.999 0.1 0 2

90 o:i 0.005 99.999 0.1 ]

90 0.1 0.2 99.999 0.1 1 .5

90 0.1 1 99.999 0.5 0.001

90 0.1 1.5 99.999 0.5 0.003

90 0.5 0.001 99.999 0.5 0.005

90 0.5 0.003 99.999 0.5 0.2

90 0.5 0.005 99.999 0.5 1

90 0.5 0.2 99.999 0.5 1.5

90 0.5 1 99.999 3 0.001

90 0.5 1.5 99.999 3 0.003

90 3 0.001 99.999 3 0.005

90 3 0.003 99.999 3 0.2

90 3 0.005 99.999 3 1

90 3 0.2 99.999 3 1.5

90 3 1 99.999 6 0.001

90 3 1.5 99.999 6 0.003

90 6 0.001 99.999 6 0.005

90 6 0.003 99.999 6 0.2

90 6 0.005 99.999 6 1

90 6 0.2 99.999 6 1.5

90 6 1 99.999 8 0.001
j

90 6 1.5 99.999 8 0.003

90 8 0.001 99.999 8 0.005

90 8 0.003 99.999 8 0.2

90 8 0.005 99.999 8 1

90 8 0.2 99.999 8 1.5

90 8 1 99.999 0 0.003

90 8 1.5 99.999 0 0.005
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EXAMPLES

General

Polymerization was conducted in either a laboratory two-liter auto-

clave reactor or a series of two 150 gallon stirred tanks, auto refrigerated boiling

liquid reactors. Monomer feed and catalyst preparation procedures for each were

similar. Polymerization grade propylene monomer was purified by passing First

through basic alumina activated at 600 °C, followed by molecular sieves activated

at 600 °C. 1,9-decadiene (96%) was purchased from Aldrich-Sigma Bulk Chemi-

cals and used as received. Purification of diene can be conducted, if needed.

Basic polymer characterization on the products included the fol-

lowing tests. Melt flow rate (MFR) of the polymers was measured using ASTM
D-1238 at 230°C and 2.16 kg load. Molecular weight of the polymers was ana-

lyzed by GPC using Waters 150C high temperature system with a DRI detector

and Showdex AT-806MS column. The procedure used was an ExxonMobil

method, similar to techniques described in the scientific literature. Melting and

crystallization temperatures of the polymers were measured on a TA Instrument

DSC-912 using a heating and cooling rate of 10 °C/min with a starting tempera-

ture of 0 °C and a stopping temperature of 250 °C. The melting temperatures re-

ported were obtained from the second melt. Alternately, a Perkin-Elmer DSC 7

unit was also used, utilizing similar test conditions. Recoverable compliance,

which is a technique to characterize the high molecular weight end of the mo-

lecular weight spectrum, was measured using a Rheometrics Dynamic Stress

Rheometer (DSR).

Catalyst Preparation

All catalyst preparations were performed in an inert atmosphere

with <1.5 ppm H20 content. The silica support, available from Grace Davison, a

subsidiary of W.R. Grace Co., CT, as Sylopol® 952 having N 2 pore volume 1 .63

cc/g and a surface area of 312 m2
/g was calcined at 600 °C under a dry nitrogen

flow for 8-24 hours to achieve a hydroxyl content of 0.8 to 1 .2 mmol/g silica.
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Catalyst A: In a nitrogen purged dry glove box, the metallocene,

dimethylsilylbis(2-methyl-4-phenyl indenyl)zirconium dichloride (0.090 g, 0.143

mmole) was weighed into a 100 mL beaker. Methylalumoxane (MAO, 4.65 g,

30% in toluene) was added to the beaker. The mixture was stirred for 1 hour to

dissolve and activate the metallocene. After 1 hour, the activated metallocene

solution was diluted with lOg of toluene and added slowly to the calcined silica

(5.00 g) with manual mix until the slurry was uniform in color. The slurry was

transferred to a 250 mL flask connected to an inline glass frit. Solvent was re-

moved by vacuum and catalyst was dried under vacuum. Metallocene loading

was found to be 0.022 mmol of transition metal per gram of the catalyst.

Catalyst B: In a nitrogen purged dry glove box, the calcined silica

(394.32 g) was weighed and placed in a 3-neck, 4 L reactor that was fitted with an

overhead stirrer. The dry toluene, 2 L, was added and the mixture was stirred

vigorously. The N.N-diethylaniline (27.6 ml, 0.174 mole) was added using a sy-

ringe. The tris(perfluorophenyl)boron (85.96 g, 0.168 mole) was added as a solid.

The above mixture was stirred for 1 hour. The metallocene, dimethylsilylbis(2-

methyl-4-phenyl indenyl)zirconium dimethyl (5.99 g, 0.0102 mole) was added

and the reaction mixture was stirred for additional 2 hours. The solvent was de-

canted off and the solid was dried under vacuum overnight. Metallocene loading

was found to be 0.02 mmol of transition metal per gram of catalyst.

Catalyst C: In a nitrogen purged dry glove box, the calcined silica

(500 g) was charged to vessel that was equipped with an overhead stirrer A so-

lution of tris(perfluorophenyl)boron (30 g, 0.059 mole) in hexane (2 L), was

added to silica followed by addition of N.N-diethylaniline (9.6 ml, 0.061 mole).

The mixture was stirred at 49 °C for 1 hour. In a separate container, dimethylsi-

lylbis(2-methyl-4-phenyl indenyI)zirconium dimethyl (4.5 g, 0.0077 mole), hex-

ane (820 mL), triethylaluminium (187 mL, 25 wt% in heptane), and 1,9-

decadiene (10 mL) were mixed to form a slurry. The 1,9-decadiene is used in this

instance as a Lewis base to stabilize the catalyst, for instance by improving its

shelf life. Other Lewis bases, such as other dienes including triose described
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above and styrene, are known to be suitable for stabilizing the catalyst and may

also be used. The slurry was then transferred to the silica-containing vessel, and

the mixture was stirred at 49 °C for additional 1 hour. The solvent was removed

by purging with nitrogen for 14 hours, and a free flowing solid catalyst was ob-

tained. Metallocene loading was 0.015 mmol of transition metal per gram of

catalyst.

Catalyst D: This is a conventional commercial Ziegler-Natta cata-

lyst from Toho Corporation in Japan. It was used to prepare Comparative Exam-

ple 13.

Catalyst E: This catalyst was used to prepare Comparative Exam-

ple 14 and is described in US patent 5,670,595.

Catalyst F: This catalyst was used to prepare Comparative Example

15 The preparation is similar to that for Catalyst B above, but TEAL treatment

and a catalyst promoter were used in addition. 0.5 kg batches of Catalyst F were

prepared per the following scheme: In a nitrogen purged dry glove box:

• Tris(perfluorophenyl)boron in toluene added to the 952 silica

and well mixed

• N,N-diethylaniline added to mix using a syringe; stirring con-

tinued

• TEAL (Triethylaluminum) added to the mix with continued

stirring

• Metallocene dimethylsilylbis(2-methyl-4-phenyl indenyl) zir-

conium dichloride plus promoter, phenyldimethylvinylsilane,

added and reaction mixture held with continuous stirring for an

additional hour

• Solvent removed and catalyst dried via nitrogen purging at

50 °C

The reaction sequence shown above is critical to obtaining good

activity from the resulting catalyst. Characterization of Catalyst F gave the fol-
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lowing loadings: 0.026 mmole Zr/g Si02; 0.11 mmole B/g Si0 2 ; 0.11 mmole

promoter/g Si02 and 0.57 mmole TEAL/g Si02 .

Catalyst G: This catalyst was used to prepare Comparative Exam-

ple 16. The catalyst was prepared using dimethylsilylbis(2-methyl-4-phenyl in-

denyl) zirconium dichloride metallocene, methylalumoxane (MAO) in toluene as

activator, styrene as promoter, AS 990 (Witco Chemical) to lower reactor fouling

potential and Davison XPO 2407 silica (Grace Davison, Baltimore, MD) as sup-

port material. The catalyst preparation procedure is known in the art. Specific

catalyst characterization details for the prepared catalyst were: 0.028 mmole Zr/g

Si02; 4.8 mmole AL/g Si02; 7.1 styrene to Zirconium loading; 1% AS 990.

Several batches of the catalyst system were combined to provide the amount

needed for a polymerization run. The catalyst was oil slurried with Drakeol™

white mineral oil (Witco Chemical) for ease of addition to the reactor.

Polymerization Examples

Example 1

Polymerization was conducted in a 2-liter autoclave reactor. The

reactor was charged with triethylaminium (TEAL, 0.5 mL of 1M solution in hex-

ane), 1,9-decadiene (0.25 mL or 200 ppm), and hydrogen (30 mmole). Then, liq-

uid propylene (1L) was added to the reactor, and the Catalyst A (200 mg in min-

eral oil) was injected with another 200 cc of propylene. The reactor was heated to

70 °C with stirring. After 1 hour, the reactor was cooled to 25 °C and vented.

The polymer was collected, and dried in air for 8 hours (yield: 260 g). The prod-

uct had a MFR of 26 dg/min. The GPC measurement of this product gave a num-

ber average molecular weight (Mn) of 19,000 and a weight average molecular

weight (Mw) of 167,000. The polymer had a melting point of 153.3 °C, and

crystallization temperature (without any externally added nucleating agent) of

122.6 °C. The recoverable compliance was 1 8.6 x 10"5 cm 2
/dyne.

Example 2

A 2-liter autoclave reactor was charged with triethylaminium

(TEAL, 0.6 mL of 1M solution in hexane), 1,9-decadiene (0.50 mL or 400 ppm),
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and hydrogen (24 mmole). Then, liquid propylene (1L) was added to the reactor,

and the reactor was heated to 70 °C with stirring. The Catalyst B (101 mg) was

injected with another 250 cc of propylene. The reactor temperature was kept at

70 °C. After 1 hour, the reactor was cooled to 25 °C and vented. The polymer

was collected, and dried in air for 8 hours (yield: 246 g). The product had a MFR

of 3.2 dg/min. The GPC measurement of this product gave a number average

molecular weight (Mn) of 48,000 and a weight average molecular weight (Mw) of

221,000. The polymer had a melting point of 155.1 °C, and crystallization tem-

perature (without any externally added nucleating agent) of 1 1 5.9 °C. The recov-

erable compliance was 42.1 x 10" 5
cnr/dyne.

Example 3-10

Propylene/diene copolymers were produced in a pilot scale, con-

tinuous, bulk liquid phase system employing two 150 gallon stirred tank, auto re-

frigerated boiling liquid reactors in series. The reactors were equipped with jack-

ets for removing the heat of polymerization. Catalyst C was used. The conditions

in the two reactors were as follows:

Reactor 1 Reactor 2

Reaction Temperature (°F) 165 155

Propylene flow rate (lb/hr) 175 65

Gas phase H2 cone, (ppm) 3500-2500 3500-2500

Solid Concentration (wt%) 25-30 25-30

All polymers were made with varying levels of 1 ,9-decadiene (4.5-

9.5 % in hexane) charged to reactor 1 . The hydrogen (for molecular weight con-

trol) and diene levels used to make the different polymer Examples are shown in

Table 1 . Some basic characterization data are also listed in Table 1 . The melting

points of the propylene/diene copolymers ranged from 153-155 °C, while the

crystallization temperatures (without any externally added nucleating agent) were

nearly constant at ~124-125°C. Recoverable compliance values ranged from ~ 7

x 10-5
to 17 x 10*5 cm2

/dyne.
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Comparative Example 1

1

This homopolymer was produced using the same reactor and cata-

lyst (Catalyst A) as Example 1. The polymerization was conducted at 70 °C in

similar fashion to that described under Example 1, except no 1,9-decadiene was

added to the reactor. Hydrogen feed was 14 mmole. Polymer yield was about

41 5g. The product had a MFR of 24 dg/min. GPC measurement gave a number

average molecular weight (Mn) of 33,600; a weight average molecular weight

(Mw) of 169,900. The polymer had a melting point of 151.5 °C. The crystalliza-

tion temperature (without any externally added nucleating agent) was 110.5 °C.

The recoverable compliance was 2.8 x 10"5 cm 2
/dyne.

Comparative Example 12

This homopolymer was produced in the same reactor system as de-

scribed in Examples 3-10, except no 1,9-decadiene was added during the propyl-

ene polymerization. Catalyst C was used. The conditions in the two reactors

were as follows:

Reactor 1 Reactor 2

Reaction Temperature (°F) 165 155

Propylene flow rate (lb/hr) 175 65

Gas phase H2 cone, (ppm) 3500 3500

Solid Concentration (wt%) 25-30 25-30

The product had a MFR of 20.4 dg/min. The GPC measurement of

this product gave a number average molecular weight (Mn) of 55,000 and a

weight average molecular weight (Mw) of 155,000. The polymer had a melting

point of 152.2 °C, and crystallization temperature (without any externally added

nucleating agent) of 112.9 °C. The recoverable compliance was 1.32 x 10*5

cm 2
/dyne.

Comparative Example 13

This example demonstrates that the propylene/diene copolymer

made with conventional Ziegler-Natta catalyst does not show the property en-
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hancements observed in the invention copolymers. The copolymer was made in a

2-liter autoclave reactor. The reactor was charged with triethylaminium (TEAL,

2.0 mL, 1M solution in hexane), dicyclopentyl dimethoxysilane (DCPMS, 2.0

mL, 0.1 M solution in hexane), 1,9-decadiene (2.0 mL), and hydrogen (150

mmole). Then, liquid propylene (1L) was added to the reactor, and the catalyst

(Catalyst D, 200 mg, 5wt% in mineral oil) was injected with another 250 cc of

propylene. The reactor was heated to the 70 °C with stirring. After 1 hour, the

reactor was cooled to 25 °C and vented. The copolymer was collected, and dried

in air for 8 hours (yield: 460 g). The product had a MFR of 4.2 dg/min. The

GPC measurement of this product gave a number average molecular weight (Mn)

of 101,000 and a weight average molecular weight (Mw) of 567,000. The co-

polymer had a melting point of 168.7 °C, and crystallization temperature (without

any externally added nucleating agent) of 1 14.2 °C. The recoverable compliance

was 4.22 x 10"5 cm2
/dyne.

Comparative Example 14

This example demonstrates that the propylene/diene copolymer

made with catalyst/conditions other than the ones used in this invention does not

show the property enhancement as those observed in the disclosed compositions.

(The propylene/diene copolymer was made under similar conditions as those de-

scribed in US Patent No. 5,670,595). A 2-liter autoclave reactor was charged

with triisobutylaminium (2.0 mL of 1M solution in toluene), 1,13-tetradecadiene

(1.0 mL), liquid propylene (200 mL), and toluene (600 mL). The reactor was

heated to 60 °C with stirring and equilibrated for 3 minutes. Catalyst E (3.5 mg

of dimethylsilyl bis(indenyl) halnium dimethyl and 4 mg of N,N-

dimethylanaiynium tetrakis(perfluorophenyl) borate dissolved together in 5 mL of

toluene) was injected into the reactor. The polymerization was allowed to run for

30 min, then the reactor was cooled to 25 °C and vented. The copolymer was

precipitated into methanol, filtered, and dried in air for 8 hours (yield: 25 g). The

product had a MFR of 40 dg/min. The GPC measurement of this product gave a

number average molecular weight (Mn) of 73,000 and a weight average molecular
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weight (Mw) of 150,000. The polymer had a melting point of 133.6 °C, and

crystallization temperature (without any externally added nucleating agent) of

93.5 °C. The recoverable compliance was 5.05 x 10*5 cmVdyne.

Comparative Example 1

5

This example demonstrates the polymerization of a homopolymer

without 1,9 decadiene. It was used as a blend component with the invention

polymers in blow molding and thermoforming experiments.

The polymerization was conducted in a pilot scale, two reactor,

continuous, stirred tank, bulk liquid phase process. The reactors were equipped

with jackets for removing the heat of polymerization. The reactor temperatures

were 70 °C in the first reactor and 64 °C in the second reactor. Catalyst F was fed

at a rate of about 1.3 g/hr. TEAL (2.0 wt% in hexane solution) was used as a

scavenger and added at a rate of 13 wppm. The catalyst system prepared above

was fed as a 20% slurry in mineral oil and was flushed into the first reactor with

propylene. Total propylene feed to the first reactor was about 80 kg/hr. Propyl-

ene monomer feed to the second reactor was 30 kg/hr. Hydrogen was added for

molecular weight control at a rate of 950 mppm to the first reactor and 1450

mppm to the second reactor. Reactor residence times were 2.6 hr in the first re-

actor and 1 .8 hr in the second reactor. Overall polymer production was about 30

kg/hr. About 69% of the final polymer product was obtained from the first reac-

tor and about 31% from the second reactor. Polymer was discharged from the

reactors as a granular product of about 1 100 jam average particle size. The MFR

(at 230 °C) of the final granules was about 2.7 dg/min. The GPC measurement of

this product gave a number average molecular weight (Mn) of about 121,300 and

a weight average molecular weight (Mw) of about 305,500. The polymer had a

melting point of 152.4 °C, and crystallization temperature (without any externally

added nucleating agent) of 1 10.7 °C. The recoverable compliance was 3.0 x 30
5

cnr/dyne.
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Comparative Example 16

This example demonstrates the polymerization of a homopolymer

without 1,9 decadiene. It was used as a blend component with the invention

polymers in film forming experiments.

The polymerization was conducted in a pilot scale, two reactor,

continuous, stirred tank, bulk liquid phase process. The reactors were equipped

with jackets for removing the heat of polymerization. The reactor temperatures

were 70 °C in the first reactor and 64.5 °C in the second reactor. Catalyst G was

fed at a rate of 4.03 g/hr. TEAL (2 wt% in hexane) was used as scavenger and

added at a rate of 13.6 wppm. The catalyst was fed as a 20% slurry in mineral oil

and was flushed into the first reactor with propylene. Total propylene monomer

fed to the first reactor was 79.5 kg/hr; propylene feed to the second reactor was

27.1 kg/hr. Hydrogen was added for molecular weight control at a rate of 1809

mppm to the first reactor arid 2455 mppm to the second reactor. Residence times

were 2.5 hr in the first reactor and 1.8 hr in the second reactor. Polymer produc-

tion rates were 21.2 kg/hr from the first reactor and 9 kg/hr from the second re-

actor. About 70% of the final polymer product was derived from the first reactor

and 30% from the second reactor. Polymer was discharged from the reactors as a

granular product of about 0.49 g/ml bulk density. The MFR (at 230 °C) of the

final granules was about 12 dg/min. The GPC measurement of this product gave

a number average molecular weight (Mn) of about 75,600 and a weight average

molecular weight (Mw) of about 21 1,000. The polymer had a melting point of

151.4 °C, and crystallization temperature (without any externally added nucleat-

ing agent) of 109.9 °C. The recoverable compliance was 0.89 x 10"5 cnr/dyne.

A review of the characterization data shows the invention polymers

to display unique thermal properties as demonstrated by their DSC melting and

crystallization behavior. Figure 1 shows the melting curves of the invention

polymers (Examples 5, 6 and 8) and Comparative Example 12, which was polym-

erized under similar conditions and on the same unit as Examples 5, 6, and 8, but

with no diene added during the polymerization. The inventive copolymers have
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at least two crystalline populations wherein the melting point range of one of the

crystalline populations is distinguishable from the melting point range of the other

crystalline population by at least 1 °C, desirably by at least 2 °C, more desirably

by at least 3 °C, and still more desirably by a temperature range from 2 °C to 4

°C. Even more desirably, the melting point range of one of the crystalline popu-

lations is distinguished from the melting point range of the other crystalline

population by a temperature range from 1 °C to 16 °C. To reiterate more specifi-

cally, in addition to a melting point of one of the populations at around 1 55 °C (in

a temperature range of between 152 °C and 158 °C), another shoulder, indicating

another crystalline population, having a melting point at around 145 °C (in a tem-

perature range of between 142 °C and 148 °C) is observed. The presence of mul-

tiple crystalline populations having different melting points significantly broadens

the overall melting range of the copolymer. This property is highly desired in

some commercial applications. For example, in thermoforming the broadened

melting range translates to a broader forming window; in film heat sealing / con-

verting operations the broadened melting range offers wider processing latitude

and a higher probability that the converted film packages will be leak-free.
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The crystallization temperatures of the invention diene copolymers

are also unique. A much higher and nearly constant crystallization temperature,

Tc, of ~ 124 to 125 °C was measured for invention polymer Examples 3 to 10

versus a Tc of 112.9 °C for Comparative Example 12 (same polymerization set-

up, but no diene). The Tc values for the invention polymers were also higher than

those of the propylene / diene copolymers illustrated in Comparative Examples 13

and 14, as well as in US patent 5,670,595 and patent application WO 99/11680.

Higher Tc allows part ejection, in molding operations, at higher temperatures,

which could significantly reduce the cycle time in polymer fabrication processes

such as injection molding and blow molding. It is to be noted again that these

crystallization temperatures are without the use of externally added nucleating

agents.

The characterization data in Table 1 also show the invention poly-

mers to display higher values of recoverable compliance than the Comparative

Examples. The diene-containing polymers of the invention have long branches

that influence the recoverable compliance. Values in the table range from 7 to 42

(x 10" 5 cm 2
/dyn); by comparison, the Comparative Examples are all < 5 x 10"*

cirr/dyne. These values reflect the higher levels of melt elasticity and melt

strength for the invention Examples. It should be noted that the recoverable com-

pliance values in Table 1 reflect measurements on products following uniform

initial pelletization of reactor granules. The values tend to decrease with in-

creased mechanical working (e.g. during further compounding / melt homogeni-

zation).

Additional data on the favorable Theological features of these

polymers is presented later when extensipnal viscosity results are reviewed.

EXPERIMENTAL

i. Injection molded part properties

The propylene / 1 ,9-decadiene copolymer from Example 1 and the

corresponding homopolymer Comparative Example 11, were separately injection

molded using a Butler Laboratory Injection molding machine (Model No
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10/90V). Both polymers were stabilized with an additive package comprising 750

ppm lrganox-1076 (Ciba Geigy Corp) and 250 ppm calcium stearate (Witco

Chemical). Conditions of about 190 °C temperature and about 30 psi pressure

were used to fabricate ASTM-type specimens (approximately 127 mm x 12.7 mm

5 x 3.175 mm). The tensile yield stress (ASTM D-638), 1% sec flexural modulus

(ASTM D-790A) and heat distortion temperature (HDT; ASTM D-648) were

measured on injection molded parts from both the above polymers. The results

are shown in Table 2.

10 Table 2. Mechanical Properties of Inventive and Comparison Examples

Example 1 Comparative Example 1

1

Tensile yield stress (psi) 5170 4920

1% Sec Flex Modulus (kpsi) 311 202

HDT (°C) 129 118.5

The data in Table 2 indicate surprisingly good performance for the

injection molded diene copolymer over the homopolymer control, with high lev-

els of stiffness and heat distortion resistance. The significantly higher modulus

15 will be advantageous in applications requiring high levels of structural rigidity.

Use of these inventive polymers could, for example, allow a molder to forgo the

incorporation of high filler loadings (e.g. talc, calcium carbonate), with obvious

cost and performance benefits. These enhanced properties are believed to result

from the favorable morphology of the injection molded parts.

20 The inventive copolymer Examples 3 through 10 and the corre-

sponding control, Comparative Example 12, were also injection molded. The

polymers were stabilized with a package of 750 ppm Irganox 1076 (Ciba Geigy

Corp) and 250 ppm calcium stearate (Witco Chemical) and injection molded on a

75 Ton Van Dorn injection press (model No. 75-RS-3F), to produce a selection

25 of ASTM test specimens. Molding conditions included a straight extrusion tem-

perature profile of 240 °C, maximum screw speed to provide high shear, injection

pressure of 600 psi and a mold temperature of 60 °C. Sample testing included the
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tensile yield stress (ASTM D-638), 1% secant flexural modulus (ASTM D-790A)

and heat distortion temperature (HDT; ASTM D-648). The data are presented in

Table 3.

Table 3. Mechanical Properties of Inventive and Comparison Examples

Sample ID 1% Sec Flex Mod

(kpsi)

Tensile Yield Strength

(psi)

HDT(° C)

Comp Example 12 226 5290 108.5

Example 3 259 5410 117.1

Example 4 263 5570 117.2

Example 5 269 5580 117.2

Example 6 267 5655 113.0

Example 7 273
. 5650 116.1

Example 8 279 5640 115.7

Example 9 284 5680 116.0

Example 10 280 5770 114.6

As is seen from the data in Table 3, the flex modulus, HDT and

tensile strength for the diene-based copolymers (Example 3 through 10) are again

higher than the values for the non-diene control (Comparative Example 12),

which is advantageous. The enhanced levels of flexural modulus and HDT offer

improved structural rigidity both at ambient temperatures and elevated tempera-

tures. One implication of this in the packaging field is the capability to fill con-

tainers (made from the invention resins) with hot ingredients with less deforma-

tion than would be possible by using the corresponding Comparison Example(s).

In the polypropylene industry, increases in crystallinity-related

properties (like flexural modulus, yield tensile strength and HDT) are commonly

attained via the incorporation of externally added nucleating agents. Typical nu-

cleating agents used commercially with propylene polymers are sodium benzoate

(e.g. from Mallinckrodt, lnc)
5 sorbitol-based products (e.g. Millad 3988 from

Milliken Chemical Co.) and organophosphate metal salts (e.g. NA-1 1 from Am-

ftne). Surprisingly, when these external nucleating agents are incorporated in the
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invention polymers, very little additional property enhancement is achieved. This

is a case of a reactor propylene polymer not being responsive to any of the major

nucleating agents utilized routinely with polypropylene at the present time. This

is shown in Figure 2. The data show profiles of molded part properties of 4 prod-

ucts : Example 9, and Example 9 after incorporation of each of the 3 nucleating

agents referenced above. The nucleating agent concentrations were 2000 ppm for

sodium benzoate, 2200 ppm for NA-1 1 and 2500 ppm for Millad 3988. ASTM

parts were injection molded using a 75 Ton Van Dorn injection press and meas-

urements of tensile properties (ASTM D-638), 1% sec flex modulus (ASTM D-

790A), Izod impact strength (ASTM D-256, Method A), heat distortion tempera-

ture (ASTM D-648) and Rockwell hardness (ASTM D-785-93) were conducted.

The property profiles are seen to be comparable for the four products, highlight-

ing the self-nucleating capability of the invention polymer (Example 9) and the

non-response to the added nucleating agents. This non-response to a variety of

nucleating agents, which are known to be active in polypropylene in general,

points to a unique composition of matter for the invention polymers. In line with

this unique behavior, the invention polymers show substantial morphological dif-

ferences in the solid state, as will be seen in the polarized light measurements dis-

cussed below.

ii. Polarized Light Microscopy on Molded Parts

The morphology (the solid-state molecular arrangement and struc-

ture) of a molded article formed from a semi-crystalline polymer material like

polypropylene is typically heterogeneous over its cross-section, since the orienta-

tion in the melt and the cooling rate differ from one point to the next in the mold

cavity. A review of the current literature in this field can be found in the Poly-

propylene Handbook (Hanser Publishers, 1996 edition, New York), edited by

E.P.Moore.

Generally, the cross-sectional morphology is composed of different

layers. The degree of differentiation among the layers depends on many factors,

including the polymer features and the specific molding parameters used. How-
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ever, a description of the layer morphology in terms of an outer "skin-layer", a

transition "shear zone" and an inner "core layer" is a useful representation. Fur-

thermore, it has been observed that the morphology of the skin layer of molded
i

items, and particularly injection molded items, is different than that of the core.

The skin layer is typically thin and featureless, while the core layer is character-

ized by spherulites, which are very often well-formed. The shear zone is gener-

ally characterized by the presence of many layers (sometimes called "threads")

that are not distinguishable from one another near the skin, but become identifi-

able when approaching the core. These layers contain row nucleated spherulites,

which are generally small and poorly formed. The features and definition of the

shear zone are poor when compared with the core morphology.

Polarized light microscopy on injection molded bars (fabricated

using the Butler laboratory injection molding machine and conditions described

above; approximate bar dimensions 125 mm x 12.5 mm x 3 mm) of the invention

polymers show significant differences with the corresponding no-diene homo-

polymer comparator. These differences pertain primarily to the shear zone, which

for the invention polymers is substantially thicker and more pronounced. In order

to be able to conveniently quantify the differences between the shear layer of the

invention polymers and that of the comparator resin, the skin layer and shear layer

will be combined and referred to as the "effective skin layer". This entity can be

readily estimated from polarized light micrographs, as is described below.

The cross-sections of molded parts from the invention copolymer

Example 1 and Comparative Example 1 1 were examined under a polarized light

microscope. A partial cross-sectional (flow direction - normal direction cross-

section) view of each specimen is shown in the micrographs in Figure 3A and 3B.

Referring to Figure 3A, the copolymer from Example 1 clearly shows an effective

skin layer of 70 -80 um (or about 2 percent of the total thickness of the specimen

at the point of measurement). This effective skin layer thickness is the distance

from the outer edge of the molded bar to the position on the micrograph showing

the beginning of the development of spherulitic structures, which signifies the
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start of the core layer. This effective skin layer dimension is significantly thicker

than the effective skin layer of the conventional metallocene polypropylene in

Figure 3B. The metallocene polypropylene (Comparative Example 11) shown in

Figure 3B has an effective skin layer less than 5 \im thick (or about 1 xlO"
1

per-

5 cent of the total thickness of the specimen at the point of measurement). Again,

this measurement is the distance from the outer edge of the molded article to the

beginning of the development of spherulitic structures, signifying the start of the

core layer. The invention copolymer has very distinctive bands in the effective

skin layer along the flow direction, that are believed to be row nucleated struc-

10 tures. This is not observed for Comparative Example 11. This observation points

out the clear difference between the invention polymers and the comparative con-

trol.

The properties and thus the use of a molded article depends on the

morphology of the article, of which the skin layer and the effective skin layer

15 thickness are key components. Generally, a molded article having a thinner ef-

fective skin layer thickness would be less rigid than a similarly molded article

having a correspondingly thicker layer. Examples of applications typically re-

quiring molded articles with high rigidity include injection and blow molded bot-

tles for good top load strength and molded items used in automotive articles, such

20 as automotive interior and exterior trims where rigidity and resistance to marking

and scuffing is desired.

The effective skin layer thickness will be dependent on the overall

dimensions of the molded article. Still, it is highly desirable that the effective

skin layer of a molded article formed from polymers and particularly from the

25 invention copolymers described herein, under the conditions described above,

have a layer thickness in the range of from 10 jim to 120 jim, desirably from 20

Urn to 110 |im and more desirably from 30 |im to 100 |im. Additionally, it is de-

sirable that the effective skin layer of a molded article, such as a bottle or auto-

motive part, (e.g. interior or exterior trim article), formed by polymers, and par-

30 ticularly the invention copolymers described herein, have a thickness proportional
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to the thickness of the molded article of from 0.4 to 15 percent of the total thick-

ness of the molded article at the point of measurement and more desirably from

0.5 to 5 percent of the total thickness of the molded article at the point of meas-

urement.

5 Observing a cross-sectional portion of a molded article under a

polarized light microscope, the effective skin layer can be distinguished from the

core by the molecular orientation, and desirably, generally parallel molecular ori-

entation of the polymer proximate to the surface of the molded article. Addition-

ally, the molecular orientation and thickness of the effective skin layer can be re-

10 lated to the birefringence value of the article as measured by a Metricon Model

2010 Prism coupler.

Polymers were injection molded at temperatures between approxi-

mately 200°C to 250°C into bars (125mm x 12mm x 3.0mm) and plaques (75mm

x 50mm x 1.0mm). The reflective indices (RI) were measured along the three

15 principle axes, flow direction or machine direction (MD), transverse direction

(TD) and normal direction (ND). The in-plane birefringence (EBR) and planar

birefringence (PBR) can be defined by the equations:

IBR = RI(MD) - RI(TD) PBR = (RI(MD) + RJ(TD))/2 - Rl(ND).

Additional reference information relative to birefringence, IBR and

20 PBR appears in US Patent Number 5,385,704, which is incorporated by reference

herein.

The EBR and PBR values for the polymers of Examples 4, 5 and 8

and Comparative Example 12 are listed in Table 4. These data illustrate that be-

tween 2 to 7 times higher birefringence values were obtained for Examples 4, 5

25 and 8 as compared to Comparative Example 12. Higher birefringence values are

a further indication of a greater degree of molecular orientation at the surface of

the effective skin layer.
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Table 4. Birefringence of Inventive and Comparison Examples

Example In-plane Birefringence Planar Birefringence

(xl0-3) (xl0-3)

Example 4 (tensile bar) 13.1 7.60

Comp. Ex. 12 (tensile bar) 3.90 3.25

Example 4 (plaque) 14.5 7.75

Example 5 (plaque) 12.3 5.95

Example 8 (plaque) 8.60 4.25

Comp. Ex. 12 (plaque) 2.00 1.90

iii. Extensional Viscosity

Melt rheology data demonstrated the enhanced melt elasticity and

5 melt strength of the inventive copolymers as evidenced by their high recoverable

compliance. This may be reinforced by extensional viscosity measurements.

The extensional viscosity data were obtained using a Rheometrics

Melt Elongational Rheometer (RME) in an extensional strain mode at 160 °C.

The polymers were stabilized with 0.1-0.2 wt% of BHT (2,6-di tert-butyM-

10 methylphenol, a common antioxidant) and molded into a rectangular specimen

(60 x 8 x 2 mm). The distance between the clamps was set at 50 mm.

Details of the measurement technique are described below. The

raw data are the evolution of the tensile force versus time, F(t), which are con-

verted into extensional viscosity values. The elongational stress and elongational

15 viscosities are given respectively by equation 1

:

aCf)«:3j and^(/) =^[l]
S{t) s

where S(t) is the sample cross-section and 8 the elongation rate. Instead of using

the command value on the instrument, the latter quantity was determined by an

image analysis procedure. During homogeneous stretching conditions, the sample

20 length increases exponentially with time. Thus, assuming iso-volume conditions

(incompressible melt), S(t) follows according to equation 2:

S(/)=S0 exp(-*) [2]
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It is more convenient to measure the sample width /(t) during

stretching. Under uniaxial deformation, it is expressed by equation 3:

/(/) = /, exp(-f]
[3]

Throughout a run, a plot of [-2 In (/(t)/70] as a function of time is a

straight line with a slope equal to e. True elongational rates were determined ac-

cording to this procedure for each test.

As a caution, Equations [l]-[3] were applied only if the following

two criteria were verified:

• force values higher than the minimum transducer resolution

(0.2 cN), and;

• homogeneous deformation, i.e. no neck-in, and no deviation

from linearity in the plots of [-2 In (/(t)/70] vs. time.

In case of failure of any one of these criteria, the corresponding

F(t) values are not converted into elongational viscosity data, as the conversion

may not be reliable. It is to be noted that the second criterion is generally the

most severe test of the measurements and their reliability.

For comparison, it is useful to plot the experimental data together with the

predictions of linear viscoelasticity, which can be independently evaluated by strain

oscillatory experiments. These experiments have been performed on a RMS800 or a

SR-500 unit from Rheometric Scientific. Discrete relaxation spectra were calculated

with the established method of Baumgaertel and Winter (reference: Rheol. Acta., Vol

28, 511, 1989) using Iris software. Transient elongational viscosity was then com-

puted as 3 times the strain value using equation 4:

7eW=32^,(i'-«p(-^J] [4]

A very important feature that is obtained from extensional viscos-

ity measurements is the attribute of strain hardening. The ratio of the extensional

viscosity of the measured polymer at break to the linear viscosity, can be calcu-

lated for each of the strain rates. Stain hardening is defined when the ratio is

greater than 1 . Strain hardening is observed as a sudden, abrupt upswing of the
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elongational viscosity in the elongational viscosity vs. time plot. This abrupt up-

swing, away from the behavior of a linear viscoelastic material, was reported in

the 1960s for LDPE (reference: J.Meissner, Rheol. Acta ., Vol 8, 78, 1969) and

was attributed to the presence of long branches in the polymer.

The data plots for the inventive copolymers (Examples 3, 4, 5, 7)

and corresponding control (Comparative Example 12) are shown in Figure 4. By

way of illustration, inventive copolymer Example 4 shows a ratio of extensional

viscosity at break to linear viscosity of 8.45 at a strain rate of 0.1 second"
1

. For a

strain rate of 0.3 second"
1

, the ratio is 6.47. For a strain rate of 1.0 second"
1

, the

ratio is 4.47. For the control (Comparative Example 12), the extensional viscosity

is seen to track the linear viscoelastic data with no upswing through the point of

break (i.e. no strain hardening). The data plots once again demonstrate melt vis-

cosity differences between the inventive and comparative examples. The com-

parative polymers did not show strain hardening and behaved as linear viscoelas-

tic materials. The different behavior displayed by the inventive copolymers is

quite clearly a result of their different composition and molecular architectures.

iv. Fibers and Fabrics

The propylene / 1,9-decadiene copolymer of Example 3 was used

to fabricate fibers. Melt homogenized blends of Example 3 (at 5, 10, 20 and

40%) in ACHIEVE™ 3825 (32 MFR; metallocene-based linear homopolymer;

commercially available from ExxonMobil Chemical Co., Houston, TX) were pre-

pared on a Werner-Pfleiderer twin screw compounding extruder (ZSK 57; twin

co-rotating screws 57 mm diameter). An additive package of 1000 ppm Irganox

1076 (Ciba Geigy Corp) and 250 ppm calcium stearate (Witco Chemical) was dry

blended in to each resin mix prior to melt compounding. Characterization data on

the blends is shown below in Table 5.

ACHIEVE 3825 and ACHIEVE™ 3854 (24 MFR; metallocene-

based linear homopolymer; commercially available from ExxonMobil Chemical

Co., Houston, TX) were used as comparators in this study. These two resins are

widely used and accepted in the polypropylene textiles market.
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The data in Table 5 show that low levels of invention polymer ad-

dition to linear homopolymer polypropylene influence crystallization substan-

tially. Just 5% addition of Example 3 to ACHIEVE 3825 increases the crystalli-

zation temperature Tc from 105.5 °C to 115 °C. Also, the recoverable compli-

5 ance increases linearly with Example 3 addition, going from about 0.59 x 10"5

cmVdyne for neat ACHIEVE 3825 to about 4.8 x 10'5 cmVdyne at 40% addition

of Example 3 copolymer. Since high values of recoverable compliance are not

favorable for good fiber spinning performance (from prior experience, about 2.0 x

10"5 cmVdyne maximum appears to be the cut-off for good spinnability), only the

10 5, 10 and 20% blends were fabricated into fibers, along with the controls 3825

and 3854.

The production of fibers from base polymers can roughly be di-

vided into five steps: compounding the polymer(s), to homogenize and add ingre-

dients like pigments and stabilizers; melting the polymer in an extruder; pressur-

15 izing the polymer melt through spinneret orifices; elongating the molten polymer

fibers; solidifying the fibers by controlled cooling and collecting the fibers. Sev-

eral secondary operations (like additional drawing, texturizing, staple cutting, etc)

are frequently conducted on the solidified fibers.

The propylene polymer products described above were tested on a

20 fiber line to make partially oriented yarns (POY). The POY line employed, an

ExxonMobil-built apparatus, is a model of the top end of a spunbonded non-

wovens process. Resin is extruded through a spinneret (a 72 hole spin pack) and

taken up with a high speed winder. The output is about 0.6 g/hole/min. In this

process almost all of the draw occurs in the melt phase. Yams were made at in-

25 creasing take-up rates, up to break. The processing data is summarized in Table 6

below.
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Table 6. Processing Data on Partially Oriented Yarns

Prod Descrip MFR
(dg/min)

MeltT
(°C)

Quench Air T
(°C)

Speed at

break (m/min)

5% Ex. 3 in 3825 32 232 15 3560

10% Ex. 3 in

3825

31.1 232 17 1880

20% Ex. 3 in

3825

29.5 232 15 1795

ACHIEVE 3825 32 232 16 4875

ACHIEVE 3854 24 232 12 4560

The processing data show that generally only low levels of

5 branched polypropylene can be used, before the spinnability is negatively im- -

pacted. 5% addition of Example 3 showed good spinnability with a respectable

speed at break. Incorporation levels for Example 3 of 10% and higher were not

favorable.

The birefringence values (using polarized light microscopy) for the

10 yarns from the different polymers are shown in Figure 5. From Table 5 it was

seen that as little as 5% addition of Example 3 in ACHIEVE 3825 causes an in-

crease in the crystallization temperature, Tc, of about 10 °C (105.5 to 115 °C).

Since almost all of the draw imparted to the fibers occurs in the melt phase, a

situation that causes an increase in Tc will result in less orientation and conse-

15 quently lower fiber birefringence, as is observed in Figure 5.

Tensile testing (using a Textechno Statimat M tester) was con-

ducted on the fibers from the POY apparatus. The tenacity and elongation data

are shown in Figure 6. It is seen that the yarn elongation of ACHIEVE 3825 im-

proves with low levels of addition of Example 3. There is a substantially greater

20 boost going from neat 3825 to 5% Example 3 addition, than there is going from

5% addition to 20% addition. Improved fiber elongation is a highly desired at-

tribute in many applications. The fiber strength values show a decrease with low

J
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levels of addition of Example 3; blending the invention Example 3 into

ACHIEVE 3825 has created a different balance of yarn strength to elongation.

More generally, the addition of low levels (under 10%; typically 5%) of the in-

vention polymers to linear polypropylene allows the manipulation of fiber crys-

tallization and orientation to obtain different fiber property profiles. Partially ori-

ented yarns with high fiber elongation can be obtained. If higher tenacities are

desired, an additional drawing step can be performed to achieve the target. At

these low levels of addition (under 10%; typically 5%) good spinnability and re-

spectable speed-to-break levels are maintained.

This broader envelope of fiber product properties brought out by

blends of the invention polymers is also anticipated during the making of fabrics

(e.g. spunbonded non-wovens).

v. Blow Molded bottles

The propylene / 1,9-decadiene copolymer of Example 7 was used

to fabricate 1 gallon industrial round bottles via blow molding. Pellets of neat

Example 7 and of a 50/50 melt homogenized blend of Example 7 and Example 15

were prepared on a Werner-Pfleiderer twin screw compounding extruder (ZSK

57; twin co-rotating screws 57 mm diameter). An additive package of 1000 ppm

Ethanox 330 (Ethyl Corp), 1500 ppm Irgafos 168 (Ciba Geigy Corp) and 600

ppm calcium stearate (Witco Chemical) was dry blended in to each resin prior to

melt compounding. In addition, commercial products PP9122 random copolymer

(2.1 MFR, 2.1% C 2 comonomer) and PP 7031 E7 impact copolymer (0.35 MFR,

9.0% total C 2 comonomer), both from ExxonMobil Chemical Co., Houston, TX,

were used as controls.

The above polymers were molded on a UNILOY 2-head recipro-

cating blow molding machine. A 1 gal industrial round bottle tool was used. This

mold offers a large bottle (about 1 15 g bottle weight) with a comparatively com-

plex design involving a built-in handle and changes in diameter along the length

of the bottle. A summary of the process conditions used on the UNILOY ma-

chine are shown in Table 7 below.
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The blow molding process abilities of the different resins were as

follows: The random copolymer PP9122 did not blow mold well. It was not pos-

sible to obtain lined-out conditions. The material showed high stickiness and also

high swell. The impact copolymer PP 7031 E7 showed good moldability, allow-

ing the establishment of a continuous lined-out operation. Invention polymer Ex-

ample 7 (at an MFR of -2.0 dl/g versus 0.35 dl/g for PP 7031 E7) also showed

good molding processability (both neat and a 50/50 blend with Comparative Ex-

ample 15) with continuous lined-out operation. The bottles from Example 7

showed good definition at critical locations, like the built-in handle. The overall

appearance was good, though the inside wall surface showed some distortions.

This is believed to be a Theological effect that can be controlled through optimi-

zation of the degree of branching. An on-line blend (dry blend fed to extruder

hopper) of 80% of PP 703 1 E7 and 20% of invention Example 7 worked surpris-

ingly well. The blend processed very well with good bottle definition and good

appearance. The inside surface distortions noted with neat Example 7 were no

longer present. Also, the 20% addition of the invention Example 7 provided a

boost to bottle rigidity and the top load performance of the bottles (per ASTM D-

2659). This behavior is shown in Figure 7.

It is seen that the high melt strength invention polymers show good

blow molding processability, allowing the -2 MFR Example 7 to provide compa-

rable moldability to a fractional MFR conventional propylene polymer. Addi-

tionally, the enhanced level of crystallinity-related properties offered by the in-

vention polymers translates to improved bottle top-load strength. Thus minor ad-

ditions (10 to 20% blended at the molding line) to blow molding grades of con-

ventional polypropylene (like impact copolymer PP 7031 E7) provide good mold-

ability plus improved top load strength.

vi. Thermoformed Parts

The propylene / 1,9-decadiene copolymer of Example 6 was used

to fabricate medium draw food containers via thermoforming using a batch

forming machine. Pellets of neat Example 6, neat Example 15, and a 50/50 melt
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homogenized blend of Example 6 and Example 15 were prepared on a Werner-

Pfleiderer twin screw compounding extruder (ZSK 57; twin co-rotating screws 57

mm diameter). An additive package of 1000 ppm Ethanox 330 (Ethyl Corp),

1500 ppm Irgafos 168 (Ciba Geigy Corp) and 600 ppm calcium stearate (Witco

5 Chemical) was dry blended in to each resin prior to melt compounding. The pel-

letized products were extruded into sheet. The line had a 1.25 inch single screw

extruder and a 10 inch wide sheet die. The sheets produced had a thickness of ~

20 mil. No problems were encountered extruding sheets from the three materials.

The sheets were formed into containers using a batch thermo-

10 former (AAA shuttle machine). The equipment functioned essentially via vacuum

forming (~ 26 in Hg); no plug assist was used during the trial. The oven heating

station was operated with independent top and bottom temperature controls, the

oven time was controlled by a heat cycle timer. The molding station was

equipped with vacuum. The mold temperature was controlled at 121 °C. The

15 tool used was a medium draw food container mold (7.5 in x 2.5 in x 1.5 in). The

sheets were clamped in a metal frame that shuttled between the oven and molding

stations. The orientation of the sheets, relative to the clamping device, was con-

sistent for all three materials. The sheet surface temperature, just prior to form-

ing, was measured using an IR gun. The test scheme used involved 3 levels of

20 oven temperature (600 °F or 316 °C; 700 °F or 371 °C; and 800 °F or 427 °C).

At each oven temperature, a range of heating times was studied to determine the

operating window. This was assessed via observation of the containers. The cri-

teria used to judge the containers were wall distribution, particularly at critical

locations such as corners; part definition (i.e. capability to reproduce all the de-

25 tails of the mold tool) and general appearance (i.e. lack of flaws - folds, ripples,

etc.- from the forming operation)

The process operating windows for the three materials at oven

temperature 700 °F (371 °C) are shown in Figure 8. The figure is a plot of oven

heating time versus sheet temperature. The boxes indicate, for each material, the

30 window within which good quality containers could be fabricated, per the criteria
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defined above. The window for Comparative Example 15 (linear polymer) was

rather limited. The invention polymer, Example 6, showed a broader processing

window. The window for the 50/50 blend product was in-between. The inven-

tion polymer with its improved melt strength, showed better sag resistance at

longer oven times. This allowed operability at higher sheet temperatures than was

possible with Comparative Example 15. In addition, the invention polymer sheet

showed fewer ripples and folds when discharged from the oven. This improve-

ment in sheet form led to a tighter seal during the forming operation, with conse-

quent better part definition.

vii. Foamed parts

The propylene / 1,9-decadiene copolymers of Examples 5, 7, 9 and

10 were evaluated in a foaming operation involving chemical blowing agents.

Pellets of the above invention polymers were prepared on a Werner-Pfleiderer

twin screw compounding extruder (ZSK 57; twin co-rotating screws 57 mm di-

ameter). An additive package of 500 ppm Irganox 1076 and 1000 ppm Irgafos

168 (both from Ciba Geigy Corp) was dry blended in to each resin prior to melt

compounding. A commercial branched propylene polymer from Montell Polyole-

fins (Wilmington, Delaware) identified as Pro-fax™ PF-814 was used as a com-

parator. This product is of nominal 3 MFR (at 230 °C) and is reported as a high

melt strength polypropylene homopolymer for low density foam extrusions.

The equipment used for foaming was a Brabender coextrusion line that offered the

capability to provide solid skins over each side of a foamed core. In this evaluation,

only the foamed core was produced. The line had a single screw of 1.9 mm diameter

and 24 L/D, and a slit die with a width of 50 mm. The chemical blowing agent used

was Safoam ™ FPE 50 (Reedy International Corp, Keyport, NJ), a combination of

bicarbonate of soda and citric acid. It was used at a loading of 5%. The foam proc-

essing behavior can be gauged from the data shown in Table 8 below.
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Table 8, Foam Processing via Chemical Blowing Agent

Product Temperature Pro-

file (° C)

Die width

(mm)

Screw speed

(rpm)

Foam Density

(g/ml)

Example 9 50/165/200/155 50 60 0.5

Example 5 50/165/230/150 50 50 0.4

Example 10 50/165/230/150 50 . 50 0.4

Example 7 50/165/250/150 50 50 0.4

PF-814 70/165/250/160 50 50 0.3

The invention polymers gave flat foamed sheets of comparable

5 foam density to the commercial product. The processing behavior was also com-

parable. In fact the invention polymers appeared to offer an advantage, in that

lower die temperatures could be set. For PF-814, at die temperatures < 160 ° C,

the extrudate tended to freeze off Good foam morphologies were obtained for all

the polymers as is seen from the micrographs shown in Figure 9. The invention

10 polymers show foamed structures with cells of quite uniform size and shape. The

cell sizes are larger for the case of PF-814, comparator resin, consistent with its

slightly lower foam density (0.3 g/ml versus 0.4 g/ml for invention Examples).

Foaming experiments using carbon dioxide gas injection were con-

ducted on invention Example 4 and the commercial branched polypropylene, PF-

15 814, as comparator. The equipment used was a Killion segmented extruder hav-

ing a single screw of 32 mm diameter and 40 L/D, and a 3 mm rod die. Carbon

dioxide gas was used as blowing agent. Up to 800 psi was achieved through use

of a gas cylinder; a booster was used to provide pressures > 800 psi. Safoam™

FPE 50 was used as a bubble nucleating agent at a loading of 0.5%. Key proc-

20 essing data are shown in Table 9 below.
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Table 9. Foam Processing via Carbon dioxide Blowing Agent

Example 4 + Safoam FPE 50 (99.5 : 0.5)

Gas flow rate Gas pressure Die pressure Melt temp Foam Density

(scc/min) (psi) {ps\) \ *~ )

0 0 0.9

28.9 51 Z4J 1A? Q
i oz.y V.J

67.1 99 jZo

157.4 181 /1QQ4oo 1 JU. zf n isW. J o

140.4 300 jOZ 14^ 7 n 1

1

164.9 397 /DO 0.09

PF-814 + Safoam FPE 50 (99.5 : 0.5)

Gas flow rate Gas pressure Die pressure Melt temp Foam Density

(scc/min) (psi) (psi) (°C) (g/ml)

0 0 0.9

18.8 53 333 160 0.45

116.4 111 317 157.1 0.2

121.5 202 684 152.7 0.12

unstable 300 800 151.8 0.09

Additional data correlations are shown in Figure 10. The data in-

dicate that per the testing conditions used, both products attain a comparably low

foam density, which is desirable. The foam processing of invention polymer Ex-

ample 4 appears similar to the comparator resin, commercial polymer PF-8 14. As

was noted previously with foamed profiles from chemical blowing agents, it ap-

pears that the invention polymers can be processed at lower melt temperatures

(for the same foam density), which is advantageous. The foam morphologies

from both resins show good closed cell structures, as is seen from the micrographs

shown in Figure 1 1

.



WO 01/42323

-49-

PCTAJS00/33612

viii. Thermoplastic Olefin Compositions (TPOs)

TPO compositions typically consist of a homogeneous blend of

isotactic polypropylene with a rubber (e.g. EP or EPDM rubber). The invention

Examples were used to prepare TPOs, with the polypropylene being the major

component and the rubber being the dispersed, minor component. Examples 3, 4,

5 and 7, along with Comparative Example 12 (linear polymer, no diene) were

compounded with EP rubber at levels up to 20% rubber. The EP grade used was

VISTALON™ 457 (29 Mooney, 48% C2, Mw 150k, Mw/Mn 2.1, Tg - -55 °C).

This product, obtained from ExxonMobil Chemical Co., Houston, TX, is widely

used in the TPO business as a modifier. The composition details are shown in

Table 10 below.

Table 10. TPO Blend Compositions 0

)

Sample ID 1 2 3 4 5 6 7 8 9 10 11 12 13

CompEx12 100 97.5 95 90 80 0 0 0 0 0 0 0 0

Example 3 0 0 0 0 0 100 975 95 90 80 0 0 0

Example 4 0 0 0 0 0 0 0 0 0 0 100 97.5 95

Examples 0 0 0 0 0 0 0 0 0 0 0 0 0

Example 7 0 0 0 0 0 0 0 0 0 0 0 0 0

VISTALONW57 0 2.5 5 10 20 0 2.5 5 10 20 0 2.5 5

Sample ID 14 75 16 17 18 19 20 21 22 23 24 25

Comp Ex 12 0 0 0 0 0 0 0 0 0 0 0 0

Example 3 0 0 0 0 0 0 0 0 0 0 0 0

Example 4 90 80 0 0 0 O 0 0 0 0 0 0

Example 5 0 0 100 97.5 95 90 80 0 0 0 0 0

Example 7 0 0 0 0 0 0 0 100 97.5 95 90 80

VlSTALOf4457 10 20 0 2.5 5 10 20 0 2.5 5 10 20

(1) Blended in Banbury; all samples contain 400 ppm of Ethanox 330. 400 ppm of Irgafos 168, and 400 ppm of

calcium steaiate.

A total of 25 sample blends were prepared. The compounding in-

volved dry blending the ingredients of each sample, followed by melt homogeni-

zation of ~5 lb batches on a Farrell OOC Banbury mixer. The mixing tempera-

ture used was in the range 188 to 216 °C. The polypropylene was added first to

the mixer and fully fluxed, after which the other ingredients (rubber modifier, ex-

tra stabilizers) were incorporated. Mixing was done for 3 minutes at low rotor

speed, followed by an additional 3 minutes at high rotor speed. The compounded
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mix was then dumped and collected in chunks. After cooling, the chunks were

ground (to ~ 1mm size) using an IMS grinder (Model 2069-SP). The ground

product was extruded on a Werner-Pfleiderer twin-screw extruder (ZSK 57, twin

co-rotating screws 57 mm diameter), into pellets. The pelletized products were

injection molded into ASTM parts, on a 75 Ton Van Dorn injection press. The

molded part property data are shown in Table 1 1 below. The measurements in-

volved tensile properties (ASTM D-638), flexural properties (ASTM D-790),

Gardner impact (ASTM D-5420) and notched lzod impact (ASTM D-256). Ad-

ditional data plots are shown in Figure 12. The plot of modulus versus rubber

content shows the invention Example 5 to have a higher modulus than Compara-

tive Example 12 (no diene control) for a given rubber content, which is advanta-

geous. Also in Figure 12 is a plot of notched lzod impact (at 23 °C) versus com-

pound MFR, for the different polymer blends. For Comparative Example 12 (no

diene control) the MFR decreases on adding rubber, however the impact im-

provement is marginal at best. The invention Examples show a much lower de-

crease in MFR, and a substantial enhancement in impact strength. At corre-

sponding levels of rubber incorporation, the impact value increases by a factor of

3 to 10, versus the control (Comparative Example 12). Finally, Figure 12 also

shows the balance between stiffness and impact. Blends based on Comparative

Example 12, the no diene control, show a steep drop-off in modulus with rubber

addition, with little enhancement in impact strength. The invention Example

blends show a more gradual decrease in stiffness and a fairly substantial gain in

impact strength. The balance between stiffness and impact for the invention

polymers improves up to a point; beyond a certain diene level, the same trend line

is obtained (Examples 4,5 and 7).
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ix. Films

The propylene / 1,9-decadiene copolymer of Example 3 (10 MFR)

was evaluated in a film forming operation, both neat and in blends with Com-

parative Example 16 (12 MFR). Pellets of the above invention polymer were

prepared on a Werner-Pfleiderer twin screw compounding extruder (ZSK 57; twin

co-rotating screws 57 mm diameter). Four compositions (neat Example 3; blends

of 10, 20 and 40% Example 3 with Comparative Example 16) were prepared via

melt homogenization on the compounding extruder. Prior to melt compounding,

the following additive package was dry blended into each sample : 700 ppm Ir-

ganox 1010, 700 ppm lrgafos 168 (both from Ciba Geigy Corp), 300 ppm DHT-

4A neutralizing agent (Kyowa Chemical Industries Co., LTD;), 750 ppm Silton

JC-30 antiblock agent (International Resources, Inc.), 1500 ppm Erucamide slip

agent and 500 ppm Oleamide slip agent (both from Witco Chemical).

In addition, neat Comparative Examples 12 and 16 and commercial

(from ExxonMobil Chemical, Houston, TX) propylene polymers PD 4443 (7.3

MFR) and ACHIEVE™ 3854 (24 MFR) were also fabricated into film. All of

these polymers contain the additive package referenced above, except for the

ACHIEVE 3854.

Film forming was conducted on a Killion mini cast coex film line.

The line has three 24:1 L/D extruders ("A" extruder at lin diameter; "B" and "C"

extruders at 0.75 in diameter), which feed polymer into a feedblock. For these

monolayer films, only the
nA" extruder was used. The feedblock diverts molten

polymer from each extruder to specific channels. The combined streams enter an

8 in wide Cloeren die. Molten polymer exits the die and is cast onto a chill roll (8

in diameter; 10 in roll face). The casting unit system is of adjustable speed, to

obtain film of the desired thickness. Temperature profiles were set to obtain a

melt temperature of 216 °C for Comparative Example 12 and ACHIEVE 3854

(both — 20MFR) and 240 °C for the other, lower MFR samples. The extruder

speed was about 1 10 rpm and the chill roll temperature was set at 24 °C. The line

speed was adjusted to provide films of 1.5 mil gauge. The films were aged for a



WO 01/42323

-53-

PCT/USOO/33612

period of 2 weeks following fabrication and tested for a variety of film mechani-

cal properties : tensile strength, elongation and 1% secant modulus (ASTM D-

882); Elmendorf tear strength (ASTM D-1922); peak puncture force (ASTM D-

3420) and total energy impact (ASTM D-4272-90) at ambient temperature. Film

5 property data from these tests are shown in Table 12 below.

Table 12. Properties of Cast Films

Properties 3854 4443 CompEx 12 Comp Ex 16 Example 3 20% Ex 3 in Ex 16

MFR {69/win) 24 7.3 20 12 10 12

Av Thickness (mil) 1.62 1.45 1.48 1.48 1.66 1.52

1%SecMod*psQ
171MD 123 123 176 128 211

TD 114 121 165 129 181 164

Ult Tensile Str(psi)
8700MD 7820 10530 7658 8980 5570

TD 6470 8110 8324 8230 4480 7650

Uil Elongation <%)
335 700MD 640 710 690 685

TD 700 720 750 725 <20 720

ElmendorfTear (g/mif)

15MD 40 28 16 42 5

TD 45 68 20 58 9 23

Puncture Force fl/mil) 8.5 6.5 5.5 5.0 6.0 7.0

Total Energy (inJb force) 5.6 4.3 1.4 5.7 0.7 1.3

Note : Gets n film rf Ejarrpte 3 act as weak bnks, causing lew strength values during r»gh speed testing (such as Qmendorl tear and Total energy impact),

lower speed tests (such as Puncture) are not influenced

The invention polymer shows higher ambient temperature stiffness

than the comparative polymers. Film toughness at lower testing speeds (e.g.

puncture force) is comparable to the controls. At higher testing speeds (e.g. El-

10 mendorf tear), lower toughness values are obtained.

The higher film stiffness obtained at ambient temperature carries

over to elevated temperature testing (at 75 °C and 120 °C along the machine di-

rection, MD, and transverse direction, TD), as is shown in Figure 13. The barrier

properties of water vapor transmission resistance (WVTR; ASTM F-372) and

15 oxygen transmission resistance (OTR; ASTM D-1434) are the best for the inven-

tion polymers. This is shown in Figure 14. There are indications of improved

barrier for the blend films over the individual component films. In Figure 15, the

sealing performances of the films are shown. Heat seal testing involved films
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sealed on a Theller film sealer (Model PC) and tested for seal strength on a United

six-station tensile testing machine. Sealing conditions were : 30 psi seal pressure;

0.5 sec dwell time; 5 in x 3/8 in seal bar dimensions. Seal testing conditions were

: 4 in long and 1 in wide strips; 3 test specimens per sample; 20 in/min test speed.

The data in Figure 15 show the seal initiation temperature (SIT; temperature at 4

lb seal force) value for the invention polymer Example 3 (neat and blend) to be in

between the values for the metallocene and conventional Ziegler-Natta linear

controls (3854 and 4443 respectively). Of note is the observation that the inven-

tion films (neat and blend) show the highest levels for ultimate seal, strength,

which characterizes the strength of the film heat seals.

Based on the observed film properties above, potential film appli-

cations for the invention polymers include i) the addition of invention polymers to

standard linear polypropylenes (oriented and non-oriented films) to render en-

hancements in barrier properties and stiffness, while maintaining good process-

ability. Higher film stiffness and barrier are always of interest to polypropylene

film producers, ii) packaging applications requiring the unique combination of

high stiffness, high barrier and easy package openability (e.g. candy wrappers,

wrappers for dishwasher detergent cubes, other film packaging applications re-

quiring paper-like easy openability), iii) laminations or coextrusions to provide

films with inherently higher stiffness and barrier properties, and iv) film down-

gauging, based on the inherent enhancements in stiffness and barrier.

While the present invention has been described and illustrated by

reference to particular embodiments, it will be appreciated by those of ordinary

skill in the art that the invention lends itself to many different variations not illus-

trated herein. For these reasons, then, reference should be made solely to the ap-

pended claims for purposes of determining the true scope of the present invention.

Although the appendant claims have single appendencies in accor-

dance with U.S. patent practice, each of the features in any of the appendant

claims can be combined with each of the features of other appendant claims or the

main claim.
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Claims:

1 . A copolymer comprising from 90 to 99.999 weight percent of propylene

units, from 0.00 to 8 weight percent of olefin units other than propylene

units, from 0.001 to 2.000 weight percent of a,co-diene units, wherein

the copolymer has a weight average molecular weight from 50,000 to

2,000,000, a crystallization temperature from 115 °C to 135 °C and a

melt flow rate from 0. 1 dg/min to 100 dg/min.

2. The copolymer of claim 1 wherein the weight percent of a,co-diene units

present in the copolymer is from 0.005 to 1.5.

3. The copolymer of claim 1 wherein the weight percent of a,co-diene units

present in the copolymer is from 0.005 to 1 .0.

4. The copolymer of claim 1 wherein the olefin is at least one of ethylene,

C3-C20 a-olefins, and diolefins.

5. The copolymer of claim 4 wherein the olefin is at least one of ethylene,

biitene-1, pentene-1, hexene-1, heptene-1, 4-methyl-l-pentene, 3-methyl-

1-pentene, 4-methyl-l-hexene, 5-methyl-l-hexene, 1-octene, 1-decene, 1-

undecene, and 1-dodecene.

6. The copolymer of claim 1 wherein the crystallization temperature is

from greater than 1 15 °C to 130 °C

7. The copolymer of claim 1 wherein the crystallization temperature is

from greater than 1 1 5 °C to 126 °C.

8. A copolymer comprising from 90 to 99.999 weight percent of propylene

units, from 0.01 to 8 weight percent ethylene units, from 0.001 to 2.000
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weight percent a,co-diene units, wherein the copolymer has a weight av-

erage molecular weight from 50,000 to 2,000,000, a crystallization tem-

perature from 1 15 °C to 135 °C and a melt flow rate from 0.1 dg/min to

100 dg/min.

5

9. The copolymer of claim 8 wherein the weight percent of a,co-diene units

is from 0.005 to 1.5.

10. The copolymer of claim 8 wherein the weight percent of a,co-diene units

10 is from 0.005 to 1.0.

1 1 . The copolymer of claim 8 further including olefin wherever the olefin is at

least one of ethylene, C3-C20 a-olefins, and diolefins.

15 12. The copolymer of claim 1 1 wherein the olefin is at least one of ethylene,

butene-1, pentene-1, hexene-1, heptene-1, 4-methyl-l-pentene, 3-methyl-

1-pentene, 4-methyl-l-hexene, 5-methyl-l-hexene, 1-octene, 1-decene, 1-

undecene, and 1-dodecene.

20 13. The copolymer of claim 8 wherein the crystallization temperature is

from greater than 115 °C to 130 °C

14. The copolymer of claim 3 wherein the crystallization temperature is

from greater than 1 1 5 °C to 126 °C.

25

15. The copolymer of claim 8 further defined as having at least two crystal-

line populations.

30

16. The copolymer of claim 1 5 wherein one crystalline population has a first

melting point in a first melting point range and another crystalline
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population has a second melting point in a second melting point range

and wherein the first melting point range is distinguishable from the sec-

ond melting point range from 1°C to 8°C.

The copolymer of claim 15 wherein one of the crystalline populations

has a melting point from 152 °C to 158 °C and another crystalline

population has a melting point from 142 °C to 148 °C.

An article formed from a copolymer comprising:

(a) from 98 to 99.999 weight percent of olefin units; and

(b) from 0.001 to 2.000 weight percent of a,co-diene units,

wherein the copolymer has

(c) a weight average molecular weight in a range from 50,000 to 2,000,000,

(d) a crystallization temperature in a range from 1 1 5 °C to 135 °C wherein

crystallization occurs without externally added nucleating agent, and

(e) a melt flow rate from 0. 1 dg/min to 1 00 dg/min.

The article of claim 1 8 wherein the weight percent of a,co-diene units

present in the copolymer is from 0.005 to 1 .5.

The article of claim 19 wherein the weight percent of a,co-diene units

present in the copolymer is from 0.005 to 1 .0.

The article of claim 18 further defined as an article that is one of films,

fibers, fabrics, molded articles, injection molded articles, foamed arti-

cles, thermoformed articles and blow molded articles.

The article of claim 21 further defined as an article that is one of bottles,

cast films, oriented films, injection molded articles, blow molded arti-
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cles, foam laminates, theraioformed articles, fibers, fabrics and automo-

tive articles.

23. An article having an effective skin layer thickness of from \0\xm to

5 120jj.ni formed from a copolymer comprising:

(a) from 90 to 99.999 weight percent of propylene units,

(b) from 0.00 to 8 weight percent of olefin units other than propyl-

ene units,

(c) from 0.001 to 2.000 weight percent of a,oo-diene units,

10 wherein the copolymer has

(d) a weight average molecular weight from 50,000 to 2,000,000,

(e) a crystallization temperature in a range from 115 °C to 135 °C

wherein crystallization occurs without an externally added nucle-

ating agent, and /

15 (f) a melt flow rate from 0. 1 dg/min to 1 00 dg/min.

24. The article of claim 23 wherein effective skin layer thickness is from

30|am to lOOjim.

20 25. The article of claim 23 further defined as one of films, fibers, fabrics,

molded articles, injection molded articles, foamed articles, thermo-

formed articles, and blow molded articles.

26. The article of claim 25 further defined as one of bottles, cast films, ori-

25 ented films, injection molded articles, blow molded articles, foam lami-

nates, thermoformed articles, fibers, fabrics and automotive articles.

27. The article of claim 23 wherein the olefin is at least one of ethylene, C3
-

C 10 a-olefins, diolefins (with one internal olefin) and their mixtures.

30
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28. The article of claim 23 wherein the olefin is one of ethylene, butene-1,

pentene-1, hexene-1, heptene-1, 4-methyl-l-pentene, 3-methyl-l-pentene,

4-methyl-l-hexene, 5-methyl-l-hexene, 1-octene, 1-decene, 1-undecene,

and 1-dodecene.

29. The article of claim 23 wherein the crystallization temperature of the co-

polymer is from greater than 1 1 5 °C to 130 °C

30. The article of claims 23-29 wherein the weight percent of olefin units

other than propylene units is 0.01 to 8 wt%.

31. The article of claim 30 wherein the copolymer is further defined as

having at least two crystalline populations.

32. The article of claim 31 wherein the copolymer is further defined as

having at least two crystalline populations wherein one of the crystalline

populations has a first melting point in a first melting point range and

another crystalline population has a second melting point in a second

melting point range and wherein the first melting point range is distin-

guishable from the second melting point range by a temperature range of

from l°Cto 16°C.

33. The article of claim 32 wherein the copolymer is further defined as

having one of the crystalline populations having a melting point in the

range from 152 °C to 158 °C and another crystalline population having a

melting point in the range from 142 °C to 148 °C.
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Figure 1. Melting Curves of the Copolymers in Example 5,

6, 8, and Comparative Example 12.
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1% Sec Flex Mod (kpsi)

Unnotched Izod @ -40C
(tt.lb/in)

Notched Izod @ 23C
(ft.lb/in)

Yield Tensile (psi)

Rockwell Hardness
(HRR)

Ultimate Tensile (psi) HDT @ 66 psi (C)

None — Sodium benzoate ~~ NA-11 MiHad 3988
(2000 ppm) (2200 ppm) (2500 ppm)

Figure 2. Injection molded part properties of Example 9 neat and with

different nucleating agents

Example 9

i. Example 9 + 2000 ppm sodium benzoate

ii. Example 9 + 2200 ppm NA-1

1

v. Example 9 + 2500 ppm Millad 3988



WO 01/42323

3/1 5

PCT/US00/33612

Effective

Skin layer

Polarized Light Microscopy Pictures

Note: Effective skin layer is sum of thicknesses
of skin layer and shear layer.

Figure 3A - Copolymer from Example 1

Figure 3B - Comparative Polymer from Example 11
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1.E+03

100

1.E+C7 |

I
Example 5
300 ppm diene

Figure 4: Extensional Viscosity at different strain rates

(1 8-1: diamond shape; 0.3 s-1: triangle shape; 0.1 s-1:

square shape; linear viscoelastic envelope: solid line)
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Figure 5: Average Birefringence for Partially Oriented

Yarns from blends of Example 3 in ACHIEVE 3825 and
neat ACHIEVE 3825.
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% Elongation of Partially Oriented Yams

?M0

1

% Elongation of Partially Oriented Yams

i.
4

5%Ewnpte3in3625

D 10% Exampte 3 In 3825

20% Example 3 in 3825

* ACHEVE3825
ACHEVE 3854

3? 300

5%Eumpte3ifl3&25
10% Example 3 in ACHEVE 3825

20%Exarrpte3lnACHEvE382S

100 200 300 400 500 600 700 800 900

Count (Denier) T oka- up fofc (nvmn)

Tenacity of Partially Oriented Yams Tenacity of Partially Oriented Yams

*

6% Example 3 in 3825
10% Exampte 3 ki 3825
20% Example 3 h 3825
AO-tEVE 3825
ACHEVE 3854

? 3

100 200 300 400 500 600

Court (Denier)

700 800 900 1000

5% Exampte 3 in 3825
10% Exampte 3 in 3825

20% Example 3 In 3825

ACHEVE 3825
A ACHEVE 3854

2000

e (rrrtntn)

3030

Figure 6: Break Elongation and Tenacity of Partially

Oriented Yarns of blends of Example 3 in ACHIEVE 3825
and neat ACHIEVE 3825
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150

100
7031 E7 (ICP) 20% Example 7 in 7031 E7

Figure 7: Average Top Load (per ASTM D-2396) for blow molded bottles from

impact copolymer PP 7031 E7 and blend of 20% Example 7 in PP 7031 E7,

both at same bottle weight. Note 25% enhancement with addition of invention

Example 7.
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!

» Example 15 (linear PP; 2.9 MFR)

B Example 6 (invention PP; 3 MFR)

50/50 bind of Examples 6 & 1

5

275 325

Sheet Temperature (F)

375

Figure 8: Thermoforming Processing window at 371 °C

(or 700 °F) oven temperature during the forming of a medium-draw food

container
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Figure 9: Morphologies of flat foamed sheets from Examples 10, 7 and
commercial product PF-814 (chemical blowing agent)



Figure 10: Ex 4 and PF-814 foam processing data for C02 gas injection
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Figure 11: Micrographs of foamed profiles from

invention Example 4 (top figure), and

commercial product PF-814 (bottom figure).
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Figure 12: Properties of molded TPO Blend Compositions
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Figure 13: Film Stiffness at Elevated Temperatures
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Figure 14: Film Barrier Properties

Top figure : Oxygen transmission resistance (OTR)

Bottom figure : Water vapor transmission resistance (WVTR)
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- . 3854 IPeekto-Tear T 140C]

Example 12 [145C]

40% Ex 3 in Ex 16 [145C]

-HB-.. Example 3 [145C]

4443I150C1

100 110 1 20 1 30 1 40 1 50

Sealing Temperature (C)

160 170 180

Figure 15 : Film Heat Seal Properties

Note: i. Seal temperatures at 4 lb seal force are denoted as

Seal Initiation Temperatures (SIT)

ii. Peel-to-tear transition temperatures noted during the sealing

experiments are shown in the legend for the figure. They denote

the lowest sealing temperature at which tearing failures (as

opposed to peeling failures) start to occur, signifying good, strong

seals. A lower peel-to-tear transition temperature is desirable.
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